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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem of 
degradation in gate insulating film and MOS interface 
properties, attributable to rapid heating to a high 
temperature for the formation of metal contacts in 
contact with single crystal silicon carbide, without 
causing an increase in ohmic contact resistance. 
SOLUTION: The method for manufacturing the silicon 
carbide semiconductor device comprises a first process 
wherein electrodes other than a gate electrode 8 contact 
with a single crystal silicon carbide substrate 1, a gate 
insulating film 7 is completely surrounded by a single 
crystal silicon carbide substrate (epitaxial layer 2), by a 
field insulating film 3, (corresponding to the 
neighborhood of insulating films 205, 206 and a gate 
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insulating film 203, Fig. 17, formed by the thermal oxidation of a gate electrode 204), and by 
the gate electrode 8, and a second process wherein a metal electrode (rear side electrode 10) 
is provided by heat treatment at a temperature lower than the thermal oxidation temperature 
for the gate insulating film 7 but high enough to anneal the contact between the single crystal 
silicon carbide and the metal (900°C or higher, for example). 
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=5r«j£^^Lfc*,<o-c*o. y-btmm. mzy- mtffif&zti&imrtmtzts^x. wti&miam& 

btmwttB&L^mmmtt. msiy-btmmt mmmm&£vmikmmzm?thj:n*:fri- 

BttL%\*mmt. sm&smmmit xhl-o titk txoizm^tx^h. tt:. m^mi4izti^xa. 

Mssi^o-cMLtKfl^sd^n y~ btmmmsfrt&jj&omiz. y ^ mmzit 

s. z%\immmb. ztuzimixmmy -vsmmt 

[0006] m%®2i^ ffl^ifct>»ts^-Mfeg ^tt#7-yet5~i of^mthmiM^mm^ 

mtK&L&wmt txy i-frh'immm^t: mjmzmt&xotzmi&Lx^h. t^. mmi 5 

i><nxh 0 . y- htm®£ . tuE^- htmmt soe tasw j; 3 Majasni. mumiz 9 0 or£Lh 

u^v^mfl^mt . tmy- btmmtRjBi^y a iztmthMsmmammx$> 9 . wEy-h 

-^HtfeSMt. mtiikSiitfmms.txm'ititkiz. 40 »^is^«Lfeisa8^ae^iig^^v^as-cffd«td 

[0 0 0 7] ^<«3Ji. *f6^c^sfc^s [00 13] ^*ai6fcE»<7)id(c. J« 

m^7s^ti>coxh r ). y-bmmMcmskX'. m #xr>^v*>>\- ■ T--)vmxhh. tti, mmi 

UMimmmfct 3>??tzti. y-bmmm 7iz^xa. mxm&. y<-wimm. y-b 

£i&tt.f£mmLt y a -iv Ywmt y- bm&t izx tmmxvy-bmmmmkxh-yx. y- 

ix^miwtti*:®^ y-btmrnm^t^ bw&texxs-znmnw&ift&Nm? ztubtosm 

mk&mtmyf? b ■ 7--Mz+ft%mx. m mm 1 8« s ^m^mkmnmm^^ 

m&tmitKL&mmffittzzkzmLk-thi* 50 l. mm4izm&hmmm^wm&<mmm 
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[0021] 

i%*ncv®%] mm i nwrnm 3 izwmcomiizx 



13 

[ooi4] s^c. n*8i9fcL mizmnzmh 



y-ht&mtK%L%^immt tx . y- bm&n iua, y- hmmw-owmv. w&h&mxmik 

^zmtftLTB&LKtmmtiXVims'n&.itim b ztiz&mwm < v-xm&. is 

SR^afflHhLT^Lfcttsas ( y- bmmvm mw$mizmz> h m yua^ ?fts> 1 1 

mmtmsi%^y-hm&t. mzy-hm&o-® &twen%\,*mwi (mm2. 3xity^-)um 

imitLx&&it:m®b. mTOis mm) t. y-hmmttz£r>x£mm*ttiiik 

[0015] tt:. mm2ot^ m$mi9<?>i*)M: m^mAkLtizktzx*). maams&mis. 

MM:n&&7Fm>(0T$>*) . y-hj&nK* 5 . y- htmt&mmic%%& <Kj6tfr») y-h 

^^«a«i:*«g^ft^aeLh(c»jftL^ifegjg ( £*y?,y y^). sio 2> sic t:±T*fr 

£B**ut&fc. y-h9mmzmj$.LKMBite&m& j s>sicm&s%<?>3y?7bfrt>mikLxy-btm 

ot>fiv^src*^T. mmmLK&)mm&mmmTy-b®m&izi^ 

navtt v • T--)U£+tt%&mxinm2m£fid -tstmrntk* Mm&&mw8ooK;&±0)&m 

»j&HrI/o^> . &pxffhiizm&nz s i o 2 y- himmtf?r$?~iz 

[oo 1 6i tit. mm2 m$m2o<7)m&t: 20 iMBLr^tstv^^wt, £ffi*>-t$M£«fc:iSiL 

Mos^y^{caraLfc«^*tt,<7)-c*s. £ y-htttMssHMrctttt 

fc. IB3&I2 2«. SM2 0<0ffij«S-MOSFETfc: ^SliKOiagfcrjy*? h - >)t>e< 

•CJ)5. iil^24{i, ar£E2 0-ffc£>S2 3 lCg?t8rf SdfctfT^S. -5-tf»t«>, &IEH4, 05"C 

offljt<osjs*&^^t<,^T*'3. y-hm&mtt: mst&xoiz. mxmmiemmizitm^buxm 

imitt&zktzx^x. *<mffitzy- bnmm& ht-41 c & y- h tmm?>£tt.. ttt>*>. ommm 

mm* mm-hxm^Lx v^s . ms^mm-th % ©u -^mssaflt*^-* . 079 <* h 

[0 0 17] $*>fc. M*«2 5tt, »*«20-^ A^K«EtfE£tt(tflbt*-£, fcV^ftfc&WcofSJS 

a2 3<O^Offi<^JS^6^5rft«-C*)0. y-h 30 tm&hZkifrCti. k\*i t 

ms®mmMthiatz. y-hmtHt-iStt?) m&swmk&mkoay?? b ■ t--mz 

m.isV3>m&m-hxi2i:ffiix^h. +^^m.xm^mitiLx^h<7)x. mn&msz 

[0018] mm26u, imi 9<m<rm#m: mk&mw&kvtmii. mz\fmmm<i 0- * q 

$m&t7 < -)v Y\mwkkm±m±ixttwmk y- x\^h. ^t>. *mn. y-bmm&&mzffhti 

bnmky-bmmmt&^mkiizx^x-kmm^mt b ■ r~-ii>\m<rmmi,z^xi>nmz 

X. «fef B Mfl^3gi:^gt<D3y^^ h ■ 7— [ 0 0 2 2 ] 4fc. ff^4fctJV^ii. &m*WA 

-Mz^^i^XlsmSmiffdm^.^LX^. LfZMOS*cxJ^?Z$®?&Zk&iii%Z>. 

[oo 1 9] tt:. m$m27n. m*m2 6<r)mm: m wmsoz&wxti.. ^m^mmLtMosFRT^ 

■C*S. ttz. IS^«30tt. i&^2 6~^«2 9 [0023] if^8fc:j3^T«. *^Jtff® 

[ 0 0 2 0 ] $ HM3 1 Ji. IS^2 6~ffl* j&gtca«^ffl$rl?flrr^ i: . ftftWfcJ^S 1 0 n 

m 9(omkmm&mi*?t><?)Ti>*). y-b mtxtmmtet&k . moaumtix. mti^m 

nmmtmtet&mz. y-bns±Mizs&cr) izB&LKy-btmmtfgitL. seu^Mtt, m 

w.fci'Vzymmm-hxmmzx^b. so mtit t% \> ^ i o mm&ms* u 
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1 5 

iztizx*). 7 * -a> h'tmmny- hmn^iz\m 
n^\^x^mx^mst^m^>^\^mm 
ifflis&ti&coT. ®y-bmm?>i&m8mEiJ ! & 

[0 0 24] lf*B9fc:iJV^Ttt. &gK&£. 

[oo 2 5j az. rnmii o-^&mi 8£sm<om 
mrniza^xit. mmi-memi i t^sa^m 
km®<vmjmt>ti&&. <mz. m$mi 3i/za^x 
it. K<r>£oW9)$jmbtLh. y-btm 
m*mi&2ixzam(D8igizt5^x. mttuhmiumm 

tizbizi;*). •r<%<bt>-&mm{tTBf&zti& 
y- btmmim&Kffim o z tnhtmifimtth 
(ox. zvmExmMmimmxmitfctmmx 

nnxmz sras^L<®«r^ s b mmjmt> 

[0 0 2 6] iiz. mmi 9. if*JS20. |f*JS2 

6tt>v^-ctt, mm2. 3<wmztotx. y-m 
m&o ^y-bmmimwme&iti^t^m 
vt&fttzy-bm^tmtitxi&mb u 
mmizz<D%tt#y- h«st LTi&^t^u ? t 

y~ h«fl&D FiM x y ^-y ^-ciie Lizy- hum® 

£tttfMmb%^xmzzy-bi&m<r>. aumim 
zmmtizbwxzz. 

[0027] tiz. mm25. rnm3nza^x 
a. y-vmicomim&imm^-Tm.vMiLi' 
V3>mcmztix^i>ff)x. mutitmtzn&i 
x^&y-bw&coffismfxmz. y-bm&^m 

VmtiLZtiZ Z b LizW-oX y- bW&<»±. 

ffitfmttt.2ti&Zbt:%r&'tZ>Zb%<. y~bW& 

mmmmm-zmtztsi&xz s b naw^a 
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[0028] 

4. MOS^A-^liSiC^aHimctJV^T. nng 
§«^f&i:fcLT&Jli3*lS,. MUt. 

-&im-]mgkBttt.i£m <mos to mmmzmm 
LizMos**'*>?0mfflmmxt>&. muzn^ 
x. utmmms. (gs>ixio- » f /c 
io ma ) <7)n- mcomafi&.immmL mr. s i cm 
ftbmtth) xt>*). mwtzm&iovmx. mi* 

4X10-1 3 /cm3 maLIZn- X.\f?*is*>um 
2£**X£ : ?^-wl'J&g3-£'0>£. i<0SiCS 
UlbtXit. 4H. 6H. 3C. 15R%b'£XCD8 s 
£ (tUttUfk. CltiiJTS,. R«i»hF B £Si*-r 
*) ?>g«£Jfl^S,ri:#Ti£. ^Tn-. n+ti 

d@»fc:fflv^v^. p mtwtomacvm&immz P 

20 [002 9] xt:^#^^J12<0±fcJiJi[^Sl 0 0 
nmja±07^-^HI6glS3*«S$^T^S. 
7-f-;kH»fi«IS3tt^<i:t>SiCS«l (iEHfc 
lixt^4r^;kJi2 ) ^SeHb-C^L^V^TgiSie 

«i84co±(c, siC(ommmv>m{izbi\m 
EcvDm%b') xmf&iizm^±mmm5imm^ 
ftjztffitzzix^i. 6ji7 a -tuvtmrns izmif 
t>tuzy-bmn®. 7i±y-bmn&6<r)imiz&gL 
ztiKy~himMvt>&. zny-himmnifm 

30 x.m$m$tifzwtxi>&zbzm-z. y-btmm 
7<o±iz\t. y-v^nuei^^mL. - 
my a ->v K«ese 3±fcef^rs «* 3 tsa$n>s 
^tefl^U3>^y-haffi8*^ft^Tv^. y~ 
vmz&wj a -wmm3<r>±.izi±mm>jm 
9#f&mztix^h. y-bm&8bixte. z 

i . Co¥) bis*M V{t2-£1zi'V*H F«ffi£J8 
[0030] lOJ^ffiBffi-C* 1 }. SiCS^lc^ 

40 wvmmzmLximzmizBiwztis i cmii b* 
-$v?&mLx\,*i>. zvx^mskioa. Ni^ir 
mmm* s i c«« 1 emizmgLizik. y- m 
mt5<vB&fcm£ *) i>my^<rmmmimxs i 
cmRib-e&itzit&zbizx^xmm-z. 
s i cmRiffisizmM&mtmmi-itiZtitf*^ 

xi>£\,\ iuimfflimm9izfflnitzy-bwmi 
imn&. i2ity-bn&8zm-mLt<?M<r>®& 
m&^mmztmthizif>(r>mx't>&. y-bm 
50 mmfflamuiy-bmut$6±coy-bw&8tz 
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[003 1] Hlfc^LjtMOS^A-v^^ 

02 ( a ) -Cli. F*- IFPC*4a** 1 x 1 0 » « 
/cms HJJKBlLfc (0001) 8* OFFi«i§£n 
S4H-SiCSfiil^ffl (^TJiSiifeSgBa) 
S^^fcynrc^fcRHfcJIiivfcCVDtt (fc^Svffl 
Jfcg2;) "C\ 1 0 1 5 / c m3 ■ 

*f»M££-g\ s i cmzicom® (zzx-a 

CUSgffl) fcflfcUsttftft^txfcr^i/**** 
ipfc. I3K«^ (4*5r<fc*>ljumja_t<0) CVD 

-s i o 2 m £?&mt& z t wmMx-h s . swf 
£mttzma6X'Vsim<. %ts. jhtoiwii£&» 20 

X. HfcRr&Sr^Stett. s iCSRifcxt:^^^ 

[00 3 2] SR*RCA«fe^ (H 2 0 2 +NH 
4 OHfi^«SC-ltH2 O2 +HC l^-^aSC- 

x+ttmfrLfi:®. v?>imm®&ximtt.Lxtt 
f*is*fr®2mm>vtzm^£m£m$:!$.%z 
mmyvtmitu^mLxm*>izMm<. zo 
xv?*is*>\,m2mmm^m{m&jmt&£ 30 
0 tcii^frs-^ts . iMsmtm<omMt son 

m*SS. #£L<li5~2 0nm#a£ U*. 5nmJ: 
Vf£L<. SOnmiOWv^tiiSS^KfttCiOa 

[0033] JlEOJ: 3 fc, y- FMIMtiOTRiftSfLS 

mm-znx. zvm&xm&mMMmTm&a. 

[0034] «te % 02 ( b ) TSi. JJB®«tttMbP 

& s tt9*is*ivm 2mm^TmmmA t 
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TS51feSlg4{i. xe**v-wW|23lffi£i^Hm 
XY>74mLLX®lSi.Lizm 0 nm<^a|g^Jg x ±95 

mm 5 \tfmwwo)-}?8ix-&®. Ltmm^w^m. 
5t4 0 0 nmmos i o 2 mzt'smttzz ttfXZ 

mU%m&T. 50nm*#t #i L<»i5~2 0 nm 
10 #H4U*. xu?*^/Wf23lffifcf»Blfclg 

tmm4 (mtm) *jMvxt>tw tint, m 

[003 5] *Jt. 02 (b) +<01 OlteTSBJgtil! 

4 zimtz tzsi cms. 1 osiBfceiiWfcjgiss 
mmi&mf}imm<ttmt:iiLx^&. zmtziti 

K6H-S iCS«<0C»JgB (Sffi) fcttS i»Jgffi 
Ot«jl 0<gco3[STKflsWltftffi&5tLT^S. * 

a. mzmmmiwutti t . 1 o n 

mVJMmfct&k. wmmwmxx, wxtzm 

HtfiHR3 *f*mLT&& Ltm\^T3mttM4 1 *<r> 

[oo36] vuz. @2 ( c ) xit. msxomizy* 
mm(NH 4 f+hfs^r) fcitaLT^xybx 

yf-y^-TSClfC. 7-r-;kK»tlK3<9ffi5e<D&fi 
7-f-;kh'ffiglS3^ai0 0n m SLfci:^-C. ^ 

7>fxyf->-^^eai$-e-&k. s i c^h;^^'? 

^ Ho • *-#>oKW»:f«ILfci) UT. oroiS 
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*>s . im&cox o icy- hfltMonnx *yyam y ay*>y- t-tis zmm-t . 

7*hw^xh^i!isrrs. i^ie (b) ts [oo4ij<K(c, RiE^i-ymmaLtcwjx 

[0037] 02 (d)Tli, U¥Ahm$Tm mZtimL%WL>. CF 4 i0 2 ^Xyf-^yhfcL 

x: z. or cAimry-h mnmm £&&Lt:tt& m&4*vimxmo%mmi>>tih<r)T'. 4*>mm 

#faau m^x^m? ymmz5c±izi~tzmt io tmmogitzmkt&titfuz. wjxhmzx&m 

vast, mk-th . {cmmmamixmMxhh mtmtx^txm t>%^wm%m&T$>&. 

Bra»o-c&< „ ^%-^KTfci>&of. <foo£3&fciB [oo42] mm&mwisx hmmmt. msizn 

[0038] mkL^mteWbizmmLLx. ±Mizmmimmt:mm-& . ^mm&m9tt 

s-e* . y- hK^o^fti: i/cuL £ fucissgsfis y yes^x ( p s g > zztfrntssmmtt lx 

bvxu.%\w. mm. sasi i o oxrc<oK54 & sltv^#, <z*tfeP8jg$*is t><D-c^< . &gco 

fc-KHB* y- b«sgiS7 ^seit-sfctfxoBg ttnxhmfr&K *<m. wsL^m^m^^zx 

%&mmt. m&ti^iimt<o£x?>j:ftcr)if<?>m& *u n 2 iubmt&i owa<w>2p33ft*!ui£fTV\ 

j$$-ro, msm&owmo*- $ - y - MKts« i i o o x: x *) tfiv^as, 9 0 

9m-fhte#>£. loooxxryMm&jmzmtth or^iooortoea-cjgtsjms. 

110 ox;t v^K^as^jftut. amej: [0043] jjctc. S3 ( f ) -ra. stmfficoy- h 

^xi±3mmtfgL<*ih 5 0 nm£Ui<oy-htes sss^ -< -^Kifegie3 ^»g^-s^y>tc. 

±£i&(?>ffl^®XBl$.Lt:imm MZtt. CVD- ffv\ l^^h«»|gttdt^2r^fc:|S^$-e-T*><5>. 

s i 02 m) *««u sraoa^fc-rs. 30 ms.zm7v8mm£mu mizm->x\,^m2 

[0039]**$, 02 <d) fcfcwt, 102ligSS <0HS^Kfl«10 2^^fc:|^L, etfcK-CgS 

^£ft£Jfc«^ffi»^20H^<^gHU8T*£> «filSfflcoc»Sgffi|jr^-> ?J ?^S^^v^ U- 

mi&oas i <o-T&a?>&mm 1 o 1 1 mmtzim yzmx-b h . 

m&mt:nm< m&>m^ msxm < e > twiw i o o a a i j@^-tm^a«^ieg?-y:s^v^ 

mu.mff%^ t . w^fiWT . aeo uBDUffi^^t txa. eu<f . son mi©N i §&# 

[0040] 03 < e ) "Cli. tt^fc^^Slfc: $-|§jKLTH*t-ff d . 03 ( f ) H--7X^-& 

isy>m&m^t:%Ec worn («^iaK6 o or- <^LTgai€ffi£ii5iut0rc*s. 

700t:)T\ ff^3 0 0-4 0 0nm<7)^tSa^UrJ [0045]^, ^MftStfilffltfcV^Xh^SS 

>mmite®. js^K'j y ( poc i 3 > tig^^ i^^-x hco&mx h u -y^tarc^teusiL. 

m^Kmcom;m (wmw&9 o or~9 5 ox:) frm^xt^imzit. m^Mmmmmm^mm 

T^ayj^yistp^aaniL. lt. ioo%^gAr#0^"ciooox:. 2^ 

hOVfyyjtsXV. C 2 Fe ti^S-Xyf-^yh J:^t. N imtmmos i ca«l i:^fl:L s ^ 

iUrRJ6tt-f*yx.^y:r (RIE) 5rfflV^T. S =5:<fct«ttfflBi:i 0" 6 Qcm2 ^$r^t®6Tfifi 

«*fflffl<0^*gf B v»J3y|i«^FS^^Sr]RO»5. 50 fiiO^- 5 y^«tt<OSiiimflil 0 tcii. S 
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wiy*? y • r--;^astt. y- ht&m7 

a&itimk&m mum i ) fc<oa>^^ h • r- y-hwmm^m&x. m&&m3m&t3>9 

-twz+ft%m. (^<tt>9oor) tz&sztz. ^b$n&^«mfii(SBSiffiio) tLT, y-hie 

jbie^gM^tgtLTte. o £*g mimtummmms. (xw^^+ai 2 ) t 

■Fh^ y 3>*>y- hmffis-ey- m^K7 tzmmm y a ->v vt&m3 1 y- hmms t te i^xsmmt 

tam^^tt ry- h«s-y- hiegig- s i mztuzmz. y-vtmmi * mmifzmnti&mx 

[0046] 03 (g) Til. gffi«ffil0£JB (Ni ) fcony^h • T--;WC-H)-^iag ( 9 0 

J£L*:&. »SC*Hfc7 * b h £»ffiU S3feg 10 omt) THffi»«SlS-tSS^^gSS^fflv^fi!Jit 

fi-Cgft- 8«Lt\ «fS»lil89|f!Pai£x^yy t L^tfcj; 0. iDfgiJCT^fctt, y-MfitSlg#f» 

x"miht&*?)\/ : JAwx9zmm-&. o^v^t. mz$^£ (kbl&vv HkLfrtt) y-h«« 

w&gmz.ytvi'Vz.himt&Lx. znwjxv* isa^yay) . sio 2 , sicc±"Fte&*»^ 

yLxmmmk^y-v'mettmhnm 1 tmv mLmn^y?? h»t>m:Lxy-himm7iztt 

i. mmnisiSA MiSBWffii oimm7~/mmmz m Ltz&mwgtmistfmxy- btmm tzm,-tz 

sajLfcOiy^Lfcmsffs^iBfcft^-s^^R&jt xfrbtizmsizs i o 2 y- h tmm^^-iz-m 

[004 73 ifcfc, 03 <h) Ttt. IfiPx^yytf 20 ZbifiTZt. y- h«HK£!»&fl:-C»jftr£ 

is&xh*m&u&xh0»mxhv v>Tm&&izM ^zzttzx*). Mmimm?y-himmz£.i& 

«u w&£-Hm^Tfrt>&MZit. m*>tz. mms. tmmo»xhuxi:^ m^&mmftxmiiz 

izmf%ixtzvr*vuyxrtv9v>y%m.0)*£m. mcfz>ztWT£&. *o/;«> x teh4. H5t» 

^ra-c«x.#ft. mfcmfat8m9<?>±&±mtzmm m-&iotz. mmmimmizjih^xhuxma 

0&mtm. mt-ifiumMcoA i zmm-rz. x&.tzy-htmm<7>£{k$:mm-hztWTZ&. 

[0048] Aimtimttimsmiz?* t^omkimt>tih. tt:. &m&&mmt&Bb 

mmm<07 * v \>vx y *m$\^x. z.<r>vvx y * 30 mm*? io-«Qcm2 & &^-twbxi&mjico?t- 

-Hmm-^xi)^. *jym^xt. y^>^mm^x $.v?imtmt>tix^&. 

SiWAiM^-i'ftL, B»812£jgjfcts. & [0052] 0414. Z0)£dtzLXfmLt:MOS* 

-t&BA9DnK$ii«^ sssffii ofc^tofe-e^ y-hms^ffia (una) **3. 14x10-4 

&Vv*§£*A lK^RI E ( H^^f ) TX-yf-yytS cm2 . y-h«g«|8<0^44 5 nmT*->fc. 

fc^ldtdt. [0053] 04 fflSlUrMOS 

[004 9] ±Eo«kptcAi^<o^Bs«i2 ^^a^mmmmtmsL-mismi^tx^ 

* s «^te*ii89 j ?>'e^Toy-ba»^K7^fl: (04 »ww8Ettifii*>4 5v (m^mst^ti omva 

msm 1 2*jjsstL-cgaia} Lf-«y7-rt<oiii8Sr«»$ [ 0 0 5 4 ] 04 tmaa 1 4<o#tt^itiK-m{fBHit > 

[00 50] muz\sisxh-?x?bmmmmtz®. mmvv-rm^wtzmmmmi. mmi 

mtizuitxhtrnx h y y^x^^zm^L. m 4tzjjkLKmmiv]imm$mt:ifeit:*tit> (wi 

WL£+im^Xi)*t>%&Zit&Ztiz X *) , 01 fc^L th RTA) i 0. «Sfci»if$tiTV^ 0 

^r*!6HI!fc«S r y- h«ff-y- h*6SK-^«cs [ o o 5 5 ] tiz. 0 5«. 3«»«fc3W»*xiSMO s 

i C (MOS) ffijSj £^6MOS*^j^#S&!t 50 ^^<OK^*C-V^t0-C*S. 151501 5t 
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KitimmiTte. maaaesemm* 7?? 
y vm&ifiEimtzJ:* < ! s7 hu 'J?%< 1 1> 1 5 v 

[0056] &±<r)fflm>t>Wl>i>x&b *) . 
^JflS (ftx.fcrHHaTlOOO'C) fcifrfi:. ®*3fc 

4 o v < & vvb*t& y- Me8»o»E ( =tmm 
se) ^l/scosvjartssws <ai4±^7 

(H^77) . O75<yh^yH®BE*^lS«0V#2 
1 5 VjJLhiE^|6lfc^7 h** (HI 5 K J: 1*3 

g&-¥#ftS i C (MOS ) fiBtfrj ti£V*nW& 

[0057] *$m<mmrcit. Ar#HM-ei 

0 0 0^CT2^HS<0a^^^ h • T=.-t^tUtX^ 

zvmm^&ivmftov&si&mi. n+ s i 

[oo58] ztuzmtx. ma-r<*sm:jtti. * 

as. pwsou^thmbiif^^^ mimmm 
mm. mw^ftmzmm&i lt *> . ss<d~o 

[0059] $£>fc. 014<OI-Vt$tt <TW? 

eas&arctf. scram* i/ov£» 
y-vmmrch->xh. wckxhAovemxb*). 

40WJ±tm<. ftt»J:tii>0>(254V*t>tt*.*fc 

cmmm fcjwcossijratt. Me 

Tt>. *OJ|#&!mi*S&aT*tfc-C#£. i:V>3ffi 
[00 6 0] (ff$2*>ISifctf)JE8g) *&0Htf>S&2tf>|iifc ! 
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vmmt. m*. wmi? 10-308510 ^&mtzm 

-MOSFETfe:. S^y-h*6»I^Ftt^^fcM 
O S4HStttt*5&Rr* *f&B|j£® ffl UtfT? 

*>S. H6«M-y-MOSFET<7)SgSBfffiHT-&S. 
06^t5UT. 2 l«i«TOfi!Hjj8£ (S^> 1X10 
- i Vcm3 ) <9n+gS iCS«-C;fc9. *B (0 
•tUiffiffliffi) IfZWA- 1 0 jumT\ gig* 4 X 1 0 
-i 5 /cm3 8aiDL.)t^l<0n-Xt^>'-v;|/a2 
) 2£*txt?=*x*/Mfcg$-tm^„ «I«DS i Cg 
«2 1il/C»i. 4H t 6H. 3C, 15R%t'£X<r) 

5) <0»S*JflHS.ri:#T£*. 
, [0061]m<Dn-X£**s^;Wl2 2<9fUI& 

t»-mc^HnL^p- ^-X««2 3 afcitf 2 3 b*< 

saaL-c»j££*i.-o>s. P-<-x®ai2 3 

a. 2 3b<O^ia50r^g(«ttt. p-^-X^iO 
tS^n+V-XS«2 4a, 2 4 b3&qg«§nT^ 
I n+Sy-X««24at24bfcSt % 
®l<0n- xe^4f>'A';^ 2 2 fc p - <-Xfg#2 3 
a. 2 3b<D*Sfcii^2cOn-xe^^^^fl^fr 
2 5*<gg?ilTV^. ;«|!2^D-It^tywl' 

^r/Wf 2 5(V*mmga*. lxiois/cms 
-1X101 7 /cm3<oS^)fiS^CfcO. in. P 
- <-X««2 3 a, 23 bff^mmjmTTbZ, t 
Ofc-TI.. p-^-Af«2 3a, 2 3b. n + 

V-X««24a. 2 4b<0±a5WiJHa53 6a. 36 
btf&fS.ZtlXm,. 

[0062] m2COn- X.Kjr*i,v)VmmX2. 5i> X 

vz<Mm&m<P-i-xmm3a. 23b. n 

+ 7-*fS« 24a. 24 b^)±gSfctiJl»a 1 0 0 n 
mJa±<07-f-;WHJfegftS2 63WEIi$ii.TV>6. i<0 

7^-^Kie»i82 6«s i cs«2 lcrmmzmtft 

LXTmtt:m^T^i&m2 7<o±t:s i CcofSKb 

^±mmtR2 8immt^m&iz^x^t. zk. 

as. 3o«y-M8pa5SiSfcygis?ti^y-Me»is 
^^>y-Mfe»iS3o«jfijs+fcs^{ijgjs^ 

tvfzmvb tzt h . vmmi o <o±t 

li. y-MaPa52 9$-^fcaSL > 
^-;H J lftSH2 6_hfcg«rt& X otzSM^ix^^m 

&isvay<Qif-hm&3umifL>tix\,^. z<oy 
-hm&3 ifc xx/7 <-*vmm2 6<7)±uim^ 
tm®3 2#m2tix^h. 

[0063] 33a. 33b«. 7 ^-^K«giSft|2 6 
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&£vmfflmm3 2izffl\it>tt. v-x/K-xm® ±fflms&2 8is$mftsM<oi}mx'Mf&.Lfz 

£mm-rzv-xffla&?$>&. v-xmn®3 3 a % 0ra^s*<^esK. t itr % imt ^yzmwtz 

3 3b«<OSa5tC«V-XSS34a. 3 4b#&£. SffC VDtmUM 0 0 nmJP^S i O z K3rl:£ 

£<Oy-XSS34a. 34bfcWi*fc'<0«jifcfeg£ iStLfflfS-r fc#T# S. T^&SIS2 7^^{J, 50 

E^Lfc®. 3^iaa§^S(0Utf2#ISTlOO nmm &t L<«5~2 0 nm^ U\ TgWfi 

ox:) -cs i c ( y-xatj w<.-xm) ttrttftZ 812 7^f»&MiK7>f iotii* 

S.I t {ck^TJgjfct*. 3 5t±EH?*> 0 . < . »7x>y hgft^<9K^x£JBufc§!&Hk-et> J: 

y-^masf 3 3 a. 3 3 b^LTy-xm«i34 \,\ tt:. mmw£.Tmmm2 7m%*itxfr 

a, 3 4 bSr^-^Lt.OffiOlHll8Slg^l«llII&^« ±S8&»|g28SrJ&gLTt>«kV>U ±gS» 

10 «IS28^«lgLT*^l»j8fl:LT. ®Rk±a»e»i8 

[0064] frii. Cl<7)@Wi«^$tlT^^ £16 28ktfDSfc:Ta9eSM (fagHfcjg) 2 7£jgj£LTi 

&3'»3>'«>y--h«K3 l«S#gPta-±g?<0®Slfeg «kv*. &i>. 0 l«-FgWfegJS2 7$-^jftf-S|g 

m3 2 y- hwmn®imvt>tixux. y- tzmsmmtz^wmizm^tihm i <n-^smm.m. 

hmtemn&g&oy-hm&uzhztniki'Vzyt d^HSttHfeiHbisi o is u> t£ 

m-^^<Dm<omm^^m»iz^mthtiib^ i o o 6 8 j @ 7 ( c > es^st? * h 

^2<os» (a^ti-f) #JH3tg*sig3 2fc«B§iiT uvxhzmt. s&u m&zmmyvm 

[0065] SiCg«21<9»03 7fci, £ 20 ;^K«S8aS2 60ffiJg<D&Sfc:y-hlSlPS52 9£Jft£ 

s. ^H^>«fig37ii. Ni=5rif<o««^Js^ mi%y-hmni$29$:&m-z>k&±. CF 

«Sfc^#U3ta. ^ssagfeSfts-cs i c 2 1 ta&fc 4 ^r^xv^if^fflv^RiStt^ m»f^ 

?-£S.Ifcfc:J:->T»jft$-£. 2ri>. Jg«&«#SiC OF7>rx.y?-y^£jflu£,r -r<9*§£ 

S«2 lWfcft^Sfc^ixtf&v^fcHu ffl&& fctt. fHJfcK?>f • x.<r+yr*ffr\ rM-zPKie 

[00 6 6] ifcfc. ^IKB^JSfflL^U-^a^- y^^Wx^h *v1->yi,zmWix.hZ: 

Mos?ET<mm&mmtz>. ®7~ai ohll dirts. 3.v+y?imT\jzti>?*YwjxY>*m 

(a) TUt, n+ SiCSS21tC^l<On-xtr^^f 30 [ 0 0 6 9 ] <K(C. B8 ( d ) TMU hSSrC^ 

^122. p-^-Xfgt£2 3a*$J:tf2 3b. n iVtmiZ WRC Am* t'T+ftm* S 1 1 1> 

+ y-X««24a. 24b. |&20n- Xt** W ^W>g»g«(CfcV^. RCAifcfrTIBP&Sffii 

2 5 . ««aaa53 6a. 36b . & fc±j£L£fc^i^£|^^&toM;:J£ffi:7 

fc. SSI. ®2«n-xK > ^^W^B«fi£gtCffoT SHC5IK-1 0183*5 U ©fcKT^S^^Bg^Jff^ 

m&ztii s i c3S£2 l^ffiofiaw^xt^^^ ^iz-rrmt sasH-s . $EjtL£s««E^ 

*'mim§ffiiamimmxw s nLttmx'Vi')m>* wmhult, y-hmnm29<nmmftizmm<7)m 

Rt^v^-ti. s i csiR2 1 fcie^^fy^i2 y-vmtnm-t txit. ztuzmz. 

2**<m<?>wi&mmfozixKh(?>*mLtnA,x' %tihk\rc\&t\.w. utm. aei 1 o o'c-co 

[00 6 7] <>:t. @7 (b) RCAft^^ir-C ^ria^fflMfej!!Hfc:Wi.4>^y-Me»|g3 0£H 

%ffimnzm®iz%&m$j$Mi. tmy vEsmz xnxmwemwmgx o ts< i^ts t ^ 

fflv^r«^(ci5io^<. -ret^ts^tj: t?t>i. xmcmmTii. mz. mo^-om 

0. m£ttMcr>m*ii 5 0 n mil^l. »^L<li5~2 ffi3 7<0>J--5«y^««^|^i-^«>fc. 1 000«C 

0 nm*«ai Lvn S8tK€*^TL^aSi&Blf . R <tfmM&m*mifct&(r>T. 110 0X:fcV^Kfl: 

cAa^if-e+^a^u^a. m*.$mizm^Ttm m#mztvfz. m^x^xammu^i 

SJS2 7 fcff^±a5ftga82 8*^5:57 ^-;H«»» 5 0 nm£lboy-h»feiiR3 OfcU^V^^ 

K2 6 tfsmz. Tfflmm 7«. s«^®^gfs $>z. i^as i cc^agHkisoifcffio^ig^a 

#H^TK5>figfl:tT»)£L!t*«;10nm^Kft|S 50 X'm&ltimm tt\S. C VD-S i 0 2 Jg) 
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«jiu mm<Dm*-iz-?t>. tt:. i o 2\mmcxy m&mcrmm t comwttmimii y -xmrn^mmtn. 

[0070]&fc:. 08 <e)"Cli. y-h«gSK30 0. h'o • *t-#>iffitt%ltl*) LT\ ZtltfWL 

yy&mm^timEcvDm (fm&&6 o ox:-7 v&tMiztmuz-ttt: 9 . if Lt& 

001C) -CS^SOO^OOnmCD^tefB^Unylg ^Xmit^>,*yyMmt&j:m$-<&ff&miO 

io3*f£8tu -E-^a. isssgyy (poci 3 )fc 4^a«s-e:s^AJ&&. mwmruiL ms.* 

BES^fflV^ttt^jfel!^ («KiaS9 0 0iC~9 5 3ffltf>7:r hWJXhXhV v>tfca«U £K£B£ 

ox:) Tf^sa^yayiifcp <y» fttnu 10 83*1x^7* hps/xh£^wiff£-r&. «it 
tt^ft*^*. o^ur. s«^H{c7 * j: 7* wax v<n±\zwMLidm^mi 04 *> 

IfefiLT. 7*M/y^97<fc, C 2 F 6 fcl^^x HftfcftMu y-XHPS53 3a. 3 3h±»t&y 

•y^^htL^Rjett>f^>'X.yf-y^(RlE) £ - hm^Pg?^Jg®£<D;*&«&R 1 0 4 £SL>t2 

y-hmffi31t©^-S. [0 074] <^fc. 09 ( h ) £«£-HHIV* 

[ 0 0 7 1 ] 08 ( f ) Tli. R I EX 7 fy/ T\ SS^S^ft. £K£S£J*» 1 MmPiiW 

lts£V7 -f -;H<ttSR2 60>±8Hzmf&m&3 2 0 3<0±.£Bl&Ztvk S i 0 2 ItfcHIK . o-?Vvc. £ 
Cl^>JiS*e»lfi3 2f:UTIi. v7^tK 20 Bnffl£feSI$'!)=iy&l 0 3S\ CF 4 i:0 2 tfflnfc 

1 o 2 rat woocy >$mait:v ym&jx ^+wb* *fe-e^*>sr9xv^-^ j ?»««*»^ 

( P S G ) &if#»LT^t#. ,r*Uc|Rj£S*tt t>tf> gftfefeg 1 0 4 fcy- htt»IS<0£ft£|»jt^t*:to 

Tiiv*. ss^a^wffitj^tAii. n 2 #h fc x uisxhtzj:hmffifmxmi&r<mx'2>z.. 

$\T& i 04H^s j *>«»&»*!is£fT v\ m^smm3 i o o 7 5 ] #(c. am^nti 7 ^Meat-canals' 

2 fcffttftfc*-* . £<3BS»£»Hffl«tt9 0 0X:~ 1 y s >* l o 3onflt3Bft3*ro>ftffi 2 cDHfiffilft 

o o ox:o®sffrjgffig{fni.. gHusi o 2mtx. msmizm^m&m^mtn 

[ 0 0 7 2 ] 09 ( g ) Ttt» ««<^Iifc7 * * tT«g»7 vlfi8»£jett*T££fciIgfj£ 

ssgis (nh 4 f+hfs^») («Lt-)X7 hx 30 ]*sii«iansK>4>izffi.fitt. Sffitmscosffi^ 

Tf-y^*£tT. WttiB3 2iitf7^*F M^S10 5S:g^t*. ■KDgMgtt&Bi 1 O 5 <g 

lfi»lS2 6«^OffiSty-XiaPa53 3a s 33b iBBffi) <9*mt LT«. fctilf . 50nmff<DNi 

ty-h«S§3PgS <0S£-f ) y-hm ®tfh&. £iK ^MzmjfWtflN-tg-Hi 

*^PSScO±|»fcU±S^SS3 2«O^L*«5:W5-C, tfb&%&izi±^ JKZIflRB'*K— VJt^^iWHLTjl- 

7 ^ H*e»H2 6 t,#41-S V-XBlPi«ctt/cr SSSS-HiK UT^t^ff a .09(h) liS^* H-V^ 

^tssvy 3v<oy-hmffi3 i ifibiox-. i o o 1 6 ] 09 ( i ) -cti. mm&mtzmiL 

v^^?rffl»,^Sjett-fjr>x^^-^^)H7>f x 40 |Si«us§|at:ggtT. attgAr#HSvC100 0 

54 • Xyf-y^ffV\ y-X|gpa533a. 3 3b ;P) tHiW*. ^cOf«!«lfc:J:oT. y-^BBP«3 

±<07^-;PHijeMaK^Stl 0 0nmSt3ti:i-?>T, 3a, 3 3b. y-hMRDff (HaHCT ) ftfetflc 

^-f. JJBWl7<yWWKfrffiV^<>X<9i:h-X<yf>> Sffl«0«M^1104. 105 (NiK)Ji. Ztlftl 

7tiZtD*)&lhJ; oiZ-fZ. n+ V-Xffi&OS i C. n+ Zm&isVziy^ n+ S 

[0 0 7 3]l7f^*i»TL^, »SS-+^SiV^ icnhRK^CU «feTfiass*^-y-^ 

T^S-fr. fi*>(c. x-yf-y^-7A^fcLT07*b Sffi34a. 34b, y-hmffiStt (0^ff) . H 

l^^h^V^iti^aR^SSBSfcltftS^utieil M>«B3 7*JBiW-*. d^t§. y-Me»IS3 
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[0077] 010 (j ) "TO. 7 [0081] #f^2?>ltfc<7)JE8g{i. Hi 

W& 3 2 1> J:tXV-XSPSS 3 3a. 33b cO±#I£ffl jB&T^ & .016 Him? 1 



Y-?xtm$.Lt&. wimzmmsmmv? mmmib&s.x'imzi.mia' ±m<?> 
*h\sisxhim*six. zwisxht-Hftmzit io mtmTh&TmzmfBib- tiT\*&. zvn+m. 

xfrt> % v vk&^x -y f-y smimi ^x a i is?ry w mmm^mmm 1 ■ <o±^h la-it, »■ 

-f>«S3 7««!|y|B3R«X'yf-y^TilJdi{iSLT, *H 9*$s*MlT jGfiM3*iT»*. n-mSfflm*. 

^fc-efta^^^AlJgi&RIE ^SfcW^Sp-SiSHfc^^-XfWBa' fcitf 

T-x^y^-f^kSfctt. S p - m&ttfm^-xmm 3 b ' *«MBUTfWSft.T 

mzu ssXh~?X7b FW >«tfEH(z40l) L£&g . it fc . p - SS£Hfcg*<-XfBSc3 a ' (»$m& 

VVX Y *mx b U •y'WT$&lzm£L, WSi*+ lzmhffi%.m£\±. ^-xfms a • x 0 t»>n 

*^Hg^rw— *-ay?y-MOSFET#5gjfr*-£. 20 ®«3b' <9^&tcfcltSJ$r£iS«t:li. 

[0078] dOi p fcLTW* Lfc7W— HB/t«7- 3b' A"? t>g|V>n+ SV-^««4 b ' #flM§fVC 
MOSFET<oy-MfiSlS<OI-VlttttJj:t^^» n+iy-X«|4a' fcn+fiV-X 

5t^^<o!m4^#^nfc. c:<oa«oigfcii. /wi2' &xvp- msHmm^-Amm . 3 

aSfcffifO^idtC. p-^-X23at P -^-X2 b' OfiffiSHcfctn- SS i CJ15 ' 'MSftSilTV* 

3 bco«IS!ESI5: 2 0 Ovm tftmttZ < LfcKS* 6. 0 . ^-x^«3 a ' . 3b' o$B8£&» 

JflWC^S. TV-Xl«4a" . 4b' i: n~ SM3££xtr$Mr 

[0079] JJEOidtc. 71/-^t<7-MOSF i**fi>M2' fcfcflKM: otzn~ MS i C«5' #Efi 

ETK*iiw^affl L^^fc*5v^r t> . m i xnkhb «*to** . p - mt{mm*-*&&3 a ' „ 

mX&WliZMOS**rtis?bmm<om&nt>tl 30 3b' „ n+lV-X^a' . 4b' mm/tat 

h. z.<rtemi. ?iT>u z<?)7-bffin®fim<?)tfm ig»6a' . 6b' tfmf&ztix^*. «8^*not 

^5r*>^. 06<On + V-X««24 a. a\4b' «>JJ||C»y- MfiKR (i^U nVBHE 

24b. p-^-XiS23a, 2 3blinS?M«I. IS) 7' tf&l$.Z1xX^Z>. $*>fc. y-MfigJS7' 

P^tttofcSStaUr^g-C&S**. 06fcH7-CiiHB <r>±\z\$XVisV?><r>?-VW&&' #Jg|£SirC^ 

U^kiJO. *<0#fttin- xe^^^^JH (2 5i> £. y-h«B8' ttlfitlK9' ^XUhtlX^h. & 

SV^(J3 7) Tt>&. ttb*>. *mHzXhm6(D7 SK9' t LXitLTO (Low Te^erature Oxide) 

P-^M^*V~MOSFET<oy-MlPa5(i^»a5^ iWfflV^tlTV^. *0±fc«rta5Stl*ltta5 V- 

t-tr) <0Rffiti!Jttt. fiEm 1 H^©fc*»*>I.MO S x«ffi l o * MBKSiu V-x^ffi io* «n * fiy 

^A^oy-MBpa? (i^sass-^-o) offBiidJi 40 -x««4a- .4b' t> j:i^ P - mmttgm<-xm 

tm&htZZtf&W «3a' . 3b' tmiX^l. ifc. n+S^-ft^ 

[0080] t^i. TU-i-mw-MOSFETcrm ^«^«1' <^iSl b' Kti. KWy«ffill 

m-zt. y-ht&m£&fSLixfrt>mffl&mz& 100821 f%$mtm. ^v-mosfet<oj:p 

osFET-ctiy-xsatt^js (n i ) 1 04nxvy t. •c^&^^jffla^fi^fscikisat Lt\ ^ 

-hmmmm&m (astf) Sry-xsnS3 3 ki.«^MrifiiiH«EEi kv«s^-c«i. y-x/nu-f 

a . 3 3 bSk y- hm®mn&&izmsmm-z>JM y<vfflmmi:'j?%< ttio-sQc mjaTfcfi»t 

<0*C. iSi3*C<^^®8®SfcV>3fi^W 4 ^>ltlKN"St . 50 M&mt LXii. Croftoi^3&^EtT«^J^(Phys. 



0 - 3 0 8 5 1 0mH&CWmZtlX^& S i C 
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31 

Stat. Sol., 202, P.581 (1997))Tl& tX^Z X 0 



(c. mtcr>tz?>N i Li)*%\,\ bzttf. ffli&mt commit, nf t^>fr<ori/-^^7- 1 gb 

LTWS&N i Sr. rt&5S8£*fc&V-xmffil 0 b T (Insulated Gate Bipolar Transister) fc, 

K) 9 tco&m&m^Ktb, LToig_boN i mm. *>tc, *%mzwnit:mx'*>h . mi mru—m 

#*U *«0ISSI, S i C±ON i &li#*i£fcv^ffig| yc>7- 1 GBTeDWgSBfffi&C*4. rcoffijllimfcii 

**W0. *3t. 7--)V*Kob, T&O WLfc7V— tSAT7-MOSFET<0«Bt (06) b 

LTO)g (^'JaygHUS) #3a7C$*US&£;h.&, b HHttLT^itf. i*Ul«WafWi*H. i:^3<9k IG 

V^|3JjSi>*6. BTli, MOSFETfcA>f ( if-7b7yy*x^t«9i 
[0083] £*ifc*fl/C, *ffflB®2HiSOJg®tt> 10 £rA4;*Tfc«K nft^MOSF 

wcii. 06i>J:tf09 (g) *^BB£>a*5:J:5fc, V ET<DFWy{Sn+£«[21£p+S«4 lfcifttS 

-^»mi(Ni) 104fci, ^'JrjylHfcJg=Jl ^fcT-^S3^**^ifeetT. 8ltf>n-xW12 

I^S]g3 2<0±WiJBjS$^VMfBSS-Lrv^± 2<Og!M*^StS$^^ t ^ffloT^^il^T^* 

a{±ffi»3 5^«e^-si5fcff5. b^?2M(ry?m& [oo87]0iifcfcwt\ 4mw&sjicop + si 

o£ 9©y-M&ia£l:tc£fc<OJgHi:&SN i& Cg«T*>Ds ^BS (0+±tHffl±ffl) lc^*l 0/zm 
i:V>E8£&&»$rV^flH9, OSj^Slni^iiaSr-t^co ^4x10" i 5 / cm 3 SailLfcS&ltf>n- 

tita5KS«l5:)gl£^SI5ilcffd. v^d«Jfi2rfflV^T xt^^^+;P«2 2i&*^xt^^^i/jSfi$^T 

US«Dt\ ±M<OXot^m\t±<m^\>\ -fKb <^£. £co P + S iC»R4 llipffl^UJHsfc L/C A 1 

*f6Ham2tf)ie»<0)gStcA>j{pSMOSFET«. 20 #Sgl X 1 0~ i 9 /cm3 fcLtSamSft-OS 0 . 4 

Cl^«3l«OMOSFET«OTO5i$-»RfcT§StV^ H, 6H, 3C, 1 5 R&fc'£T<Ojy£ ( Htift#a. 

[0084] ifc, ^2000-200907^^« n~ xe^df^;W«2 2<V$m 

Tli. 016 d$m*10-3 08 51 0^&f8) COM fflz&V&m%mmKM. m^^i^tipMPFmi 

OSFETfc3fc£Bga«-$i:, 77«y^>H«E*«jE £4rfM:^Lfcp-'<->MS82 3ai3j:tf2 3b 

JjtokjzZKisyh-rZTp&tf&ZZtZimtZbk iftmLxmftLZtiX^Z. it:. p-<-xm&23 

ztit:mmt&t:it>iz3m***>i>mmm0) f- a. 23b comm^mmut. P - <~xmtx 0 

ty/M^lxlO-15 [/c.3 ] JaTfcrr&tfifc ^n+XS 7 ^l44 a> 44b*ggj£$^T^ 

LA»U dO^-CJi. MOSFE &. ££>fc, n+Sx$-y*Ji44ai:44bfc&U 
Tcog|««BE$0ffll- , ^«>C:*^*;UO^fi&rs>fjl-y 30 SIKOn- lt^Jfy+;H2 2 tP" ^-Xf«2 3 

&AXS££Wt . -ftfy&AS ( nap-sty M i: a. 2 3 bcogUlfc:«S&2cOn- iC^^y-f^Hfr 

LT<OgSNS-fl6fl^-S,If:S:^t3t^Lv^tSTfc 2 5#gg$*lTV^. ico^2<0n-xt^^;|^ 

MosFETemmmiMMMmmi-zbiz mmfr2 5\t. rwxvmm&rwzmtzisH 

%->x»&. xi-**tw8mbLximt&. zcr>n-x.vf*is 

[oo85] LfrL%#t>. *m&2<rmtevm& ^tumm^2 5<7^mmmt. ixio* vcms 

a^^-MOSFETfctHvai, 10-15 [/ c — 1X101 ? / cm 3 ^COffijggT&D . *^>» P 

■ 3 ] &SV^iC:iUiUi«0xtf^4rj/^BSrffl^TM - <-X««2 3 a. 2 3 bc^m^mJATXhti, 

OSFET£mjSLLXl>. fflmXyjyhrtyVmK COb-rt. p-^-X|g«23a, 23b, n+xS-y 

< is? V-ri,imim&Z1\%^. -f^h*,. # ?mA 4a, 44 bOj^fc(iS«nnaS3 6a, 36b 
S^2CD5t8^JBm^p£;t7-MOSFETOffi 40 sOTBSSftTt**. 

mUXX/^ffm^Umt. 016<9ffij£cDMOSFET [0088] m2f0n~ XtT^df x^g#fr2 5tJ«fc 

3^oTV^3K$-!SI«-St75^WN*yHmE*<iE^ t/Clt0^gi5$-^<p-'<.-X««23a, 2 3b, n 

|6lt^<^7h-tSi:V^rajiS-j»*-tS«lfc* s 'e# + X*^|44a > 44 bcO±g«c<±3^Stl 0 0 n 

2<nm&mm£irt>zw-MosFETc>)wmtiii ? 4-)\>*tmwk2 6«p + s i cs«4 1 (jEnwi 

VZcoW&mi. ^20 0 0-20 0 907^&« n~ xe^4r^;l/S22 ) <»&m*fmft.LXTM\, 

fctJ^T , ^oraS^SI^co^tSH-e-^iut H -/ty Jt^v ^ife^l 2 7 co±t S i C(^agrfbiai1^>#a 

hgSNffifflfOS!l^$-<>»^iSc^, 4*ymMb LX (KbZ-l£%&CVDn&b') TBf&Ltzm^imm 

<mmNcomi>vm&-&b^omit:mkt>mi msmmLKumtz^x^h. 

"CV^. 50 [0089] ifz. 2 9it7<-WMm2 6iZfflV 
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s^y-Mipas. 3o«y-hiipa5Wcjgj£$ 
ttf^y- ht&mvhi . z<r>y- htmms oufm 

&®3 onuut* ?- vm&2 9 z&ktzma. u 
fro. ^tfy A-)VYwm26±.imm-t£oiz 
ffis§n^^ea^uny<?Dy-hsffi3 umnhti 

±.M3.mm&m3 2^m^tix^& . 

[00901 it:. 43a, 43bli. 74-i\>Yim 
182 6ti£Vfmt&m3 2fcg|»tS>*U XS 
-x«#fcSSI1-£x$.y*§HPSre£S. x$-y?g!§ 
P&4 3a. 4 3b«Ji£^t«x5 y^«ffi4 4a. 4 
4b#*,&„ d<0X5 y^m*i44a x 4 4b{iNi& 
fc'<9&*fckK£EgLfcft. gj&ftSjgf&JjUl-cS i C 
^ b lz£ iXMf&fl . it:. 35tm 
ttTfelK x*7?iP94 3a s 4 3b£rtLTX* 
•y ^mfli4 4a. 44b ^H-S«Lh<Ofl!lO|lIBS^» 

[ 0 0 9 1 ] &i>. Z0Mtziim*ZtiX%^&. f- 

hmm 3 1 to&ff a5#±atf>«igjg*iiB 3 2 tz&y- b 

mHQflUWtfetiTVvt. y-h«8BlPS&!g3WD 

y-hfssmn^'ftLxy-bw&3 1 tm-msjt 
cm<?>®smm*^®&£W:m-zt:it>(r>®2<r)S& 
(w&tr) mmtmm3 2^z$$Mz^^x\,^h. 

[00 92]—*. P + SIC*R4 1<0gH<94 7 

C<03l^^^mffi4 7liTitAl?&. ^<oia 
fc. ^tl^i%80 nmm. 3 8 0 n mlt'lfffl L£T 
i/A 1 &£<0&j!^££^fcli3»L*:fc. SBCe 

fiia&*!Ui-ep + s i cm&.4 1 t-^^-a-sctfc: 

[00 93] Z(T)lGBT<r>ffim&. 06OMOSFE 

il-?THS<DIJ. SiC®K4 1^p+g^T-J>S^f: 
fc. a^Sffl03V^^f^i4 7<?5$m* J piSS«fc* 
-5 -/ ^SKAtm-Wr i /A 1 £.%~>X^&Zt<7) 
2&tHret>Z>. x$y^npa{4 3a. 4 3 
b. XS 7 ^l44a % 44b. X$7^ti54a > 
54b^rfc-«IGBT*</\W^-7 • f^Xt*SI 

C0V~XfflU®3 3a. 33b. V-X{g^2 4 a . 2 
4b. V-XSffi34a. 3 4btmt9fXt>l. 
[0094] ifctC. 011 fc*Lfc7V-~ tffl/t»7- 1 
GBTOSSt#ffi£. 012fc013£fflWCHBJJ-$- 
S. *-f. 012 (a)-C{±. P + SiCS«41td|S 
l<0n-xe^^^Pfl2 2. P"<-AiS«2 3a 
i3«tlX23b. n+X*«y^J|44a. 44b. %2<T) 
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n-X^4fyf/Hffr2 5 > a«EKK3 6a. 3 6 
b£$j£t£. ££TJ4S i C36JS4 I^^M^p^ 
T'fcSdtfc^S^g-rs. -fUTSl. S2<0n-l 
e^^^;H<ojS^-CJg)«$^Jtp+ S i CSS 4 1 
SfflOfidJ,S«7)xe^^^-v^«(imlS» 1 HMcojg® 

f . WcKMrnsaii % P + s i cs«4 ltxe^ 
* i/\tvm 2 2 j $>*(?)m<?>m*m.wffif8.z tit: *> m 
mLt^x-^i. 
10 [oo95]*fc. m%m2m&mmm7 <b>~ 

09 (g) TfiBBLfeISi:^<HtS?JSIg^||JJrr 
0. X* y^|gpa4 3a. 4 3b±i5j:tf 
y-h«ffii3Pa (0+^tH*) tfXKffi(cWi«jftk 
S(Ni) 10 4£8Lfc^«^{f}3|U:#£. 
#©£01 2 (g) ic^t. 
[0096] mz. 012 (h) Ttt. g«£-HHIlr> 

mmyvMrnmizmmt. mmm^m^^&^va 

20 1 0 3<D±fc»«$*UtS i 0 2 K$rBK . 

T. SE«^-}gtt^l£^U3y|gl03^. CF 4 
fc0 2 *fflV^K9-f -x-yf-y^T. 5&lzm£-f 
i. 5rt$. K5>f -xyf-y^(pfc:je#S*j-eft.coj>& 
iStt^g 1 0 4 1 y- Mft 

[ 0 0 9 7 ] ifcfc. «R^«»7 -yjSgtcSLT-TStt^ 
teS^'J 3 1 0 3 <OT^fc»j£$nTV^2cO- 
jfif^!gKklSl0 2JSILT. P + SiC&K4 1gffl 
30 tCjS^^aiB^Saj$*i.. ^UTgg7-yK«?SSr 

(t. SM(c@fMcoaES«^JSl 0 6£3£»t-6. «ffl 
LTJi. TikAl Zzvmtz. 

*tl?tl8 0 n mflt. 3 8 0 n m««f L^T i / 
Allg&ifiOBv^.rfctfajfcS. ^rfc. SgflfHtm 

^^MffltT7^S5^ISiKtTIS«$-ff3. ^r*J. 01 

40 JtWS-^fCV^, ««0liBt««^SlO6AJft*-r 
2>t}*ti&%^k ^li. ftjft^S 10 6 ^SBu^iBtcil 

[0098] Kfc. 013 ( i ) "Cli. ^BBfi^fcffiffl 
M«!fflllSt:^5tT. ^ttg A rUH^-Cl 00 0 

2^<^af©asiewaa (ny?? h • r-- 
zmfctz. z<ommizx~>x. xs y^ups 

4 3a. 4 3b. y-hmHPgi5(05^f)iOS« 
50 &g(NiK) 104<i-en^n+X$ y: J'fl«0Si 
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y*«ffi54a. 54b, V-hHSSM (H^ &&(C^E*£atf#*+fc««3&U:. mMZ 

zjmtz. mmz. mffi<?mm&m m/A ti£.m?i>&ztim-t&. y-Mes§?2 0 3?>±fc: 

im) io6« P + sica«4issfifc£&fcu m i$.mm<DB#. M8k?&ttiiki'V3>cr)y-him2 

&Timm:rtt?i'99n&47im&£ixh. z<n 0 4*mft£>;fvo>6. y-hmMk2 04<r)wmms± 

t &\ y- htmm 3 0 sr^&Fav y a y<D7- h m& mizn^m^v a vayy- MnreisMb tx l 

3 1 xmwzitiy- hm&-y- htm&-*mfc t:?-hmmmtmm2 0 5Rvy-hmw±mtm 

SiC (MOS) flt&fr^tRimcMfeSfl*. K2 0 6#J>£. y-MfeSR2 0 3aify-hmffiOI 

1 0 0 9 9 j ai 3 ( j ) -cii. n:/*? h • r site&i;2 0 5. y- h«ffi±®«g|g2 0 6<oita 

--^*^r^^gsr^3gtuia^§/t^v^hay io mmmm2 0 7Wfmzixx^&. jje^sn 

xy^y^yy^g^af^fcsifttt. ffisowaie T«x^^^^2 0 2co±tjgi«Lfc«e»K^«c 

SIS3 2tJj:^x5.y^|ipa54 3a x 43btf>±3&: £y-Mfc*iJg2 0 3 L"0^>#. 99»=y~Mei> 

[oioo] z<d&* AimtmLtimimtzy* [0103]**:, 2 0 8\immmsxt>*). sicm 

i^** h-ex^^jg^L^ wtmmizmffim&om z<vmm&2 o s«. n i *c o^t-fogat^s 

ffl«7*M^yxh2-^uT. zens&xhz+m, s-sics«2oi<7)Sfc^tfca. y-ne»R2 

tt&gr*^ y ym&xv+yrmzm^xA 1 r o 3*Mft8asj: »j t fiv^<o^3Gsaj?ui*cs i c 

*>t*-yf:U SS35Sr»BWS. ns^Xb 20 ^2 0 1 fc^ftgiUClfcfcioTJI&frr*. 2 0 

«3w^^ms4 7#y ym^^v^wagtuL 9iiara*fegJS2 07tiapufey-hmffiigtaiip 

T» ffi*L£9^Lfc9^4^£l*jL?-£@fft?S&£ 2 1 0«y-hmS2 04*N-3HSJ:<0fi!l<0lsil| 

^fc^fu&ftSrv^^&^A 1 k£r i e ( r mms^mi&z.im-rhfctbnwsLT. a 1 *a 1 - 

s. mmzui;xh~?A?tv\'4>mmm£.miL [oio4]&fc. tsn&aLnuos^wisfn 

fc«aii^^xht*fflxhy ^•sfres&fefci&fcu a hi 8&#hi 9«. hi 

l££+4HIvve^>$SS!S-fr£. 15 LT„ Hi lfcifc LfeMOS^^^^tf^E^/^^^i^fEHTfcS. 

L^*l&Bflt«l, TU— 1 G B TtfSSlfrt HI 8 (a) Hi— MTObiSHtelX 

3. *Htt^gffifc:t3V^Tt>. *0>S*ffi2Sa { |E3t.ri: 101 9 / cm 3 CUjfifcLfc ( 000 1 ) B58* OF 

»mstaji at. Beau; i&2e)0iifc<mi£i: 30 F^sgnS4H-s i cmz.2 oi^m (zzxi* 

[0101] {wumitewm) ar. *mxom m (wm$mmm) x. 1 0 1 5 /cm3 ^coga 

"OUffc^ffi*. fcifSlifrMOS^f -CfeSMO • X.V?*is*)Vm2 0 2 ttKJ&HR* (fcfc *. 

*nj,*tc^Lfc^£fl^fTitf5ttS. MOS IfiiTiil Ojum) fc'WJSeStf, S i Cg 

^was i css«0»fc*jvvt. msiiTi «2 0 1 <7)ss ( zzxitcmmm) iznmt^mm 

b'b LxmmZlxh. HI 7li*5KB^J^Lft:MOS <^)* ; Exe^^^;l/R^«8fiSSf9lT«iy^<. Bfet: 

^-v^^cOgaRBSHC&S. B17£i>wc 20 *fcn>TJ±. ^-M6liaB2 0 3«B^tt<^ftcO- 

i im^mmm (wm> 1x10-1 * /cm? ) <r> TBb^hm^^^^^m 2 0 2^^^ 3 

nwnm&mmmwi mr. s i cmzbKm.-? ^b^wv^ <^< 1 1 1 Acm£Lh^» cvd-s 

s>-cfco. ^Bstcs^iojum-c. g££4xio 40 i02m%b*xBm-&zbwm&x&z>. mmi 

- ,5 /cm3 aamLfen- xe**S^/Wg2 0 2^ ft. i^jfifiaBR*««7 ?Hjgffifr£. -?-<0*r®K: 

**xe^*^iriWWS*TV^. i C««2 JSLfc^*a[T-]ROBi< . =5riJ. JMT««Wfc*JV»T. 

OlfcLTtt. 4H. 6H % 3C. 15R^fc-^T<0S tt£K6&Vittdtt % S i CgMR2 0 1 fcXtf^^ 

z)<nmsL*mu&zbifix%i>. zzxn- . n +« t^-cv^. 

nS^ttHjSr-en-e^ffijgSt:. ^SSfcaaiDLfctVi [0 l 0 5 ] ««^RCA^ (H2 O2 +NH 

5«MclBvvo»*. pS>Ptt«j3anio^iil^«fcp 4 OHS^-JSSC-1 tH 2 o 2 +HC lS^asc- 

- „ p + **»*JB^4. 2S:IB^irWfog^r5r##i^S^a#ffi) <rif 

[0102] 1^^^1,120 20)±xz.mmm x-HtimtK.®. v^mmmximitLxx.K 

X-(t:bltt4 0nm)(?)y-hi&m2 0 3imWi2 50 **i"wW12 0 2<o^iBMVt:ffilSSiiiit|ag|ftK^ 



(20) ^2 0 0 3-24 3 6 54 

37 38 

m&kzwom . wffiy vwmmimkv-Ht-r i o i o 9 1 ace. a 1 8 ( c > -m. is>fc*«ag 
tum202<Dmmizm^m^^Mi-i>xdizmit^ 0^-70010 t» ^3oo~4oonmo^er B 

tt£Ib&tS. ±MgflJ&Dff*«J5 0 nm*St. # v'Jnvjg^jasL^ (POC I3) t 

zxt>mL<%\.\ 10 2 f 6 fcS^^x^^-vyhkU^RiBit-fjryx^^ 

10 1 06J JJBOidfc, y-MjHU&WKSSftl. (R I E) -frjflwc. SR^®«^feS^y3y 

£vm&mm*mKth z. t c i o , &fc»&ft-c© s . =ws, assiat^js^ii^^iss^ y a v«3 o 

^nhy-btmmizmms&m*) ztiihumt 2\mr>iiwm^^iih-^&<rmmmxhh. 

ffikthcox-. z comEXS&^^mm^ts^&jm i o 1 1 o i r i Ex-mm l&u&x h ■ vx? 

tmxmiEikt&imxmmti&y- vtm&r>% *&&zmn,a.ik. W6&±&<r>RCAm&x'+Mt 

®y- Mesm<^e»»««ffi**iST-r » i „ tmfcx-Htizi-tm&z-tt.®. 9 0 ox&> 

&.®v-?msitfm*tz. t^dmmimjfnz& Y^^^^mxmm.Lx^^)^><ny-v 

ftthZtifiXZh. ttz^ ISMM.itCOm^ttM «fficOlHiHfc:5 0nm~10 0nm<oy-b®taiH» 
Mc^SHhKli*gSl*^t><D-Cti^<. H18(a)t 20 ti§l2 0 5 £4>fc&flBft:. ^-hmS 

* Lfcistfcit sm&^imxmm Ltimmmn oimtzny- hmmm&m 206^ gasc^-a 

Xgt^J:fUf6H-s i cg«ocifcsgiii (gffi) fctt ^Ua:^j&ffc3 0 3#4^3*i.£. £fc. y-h«fli 

s i *usffi<7># 1 om^-cgHbmtfts&^^T «Effi»K2 o 5ii±&mmmi>^mmzm:^ii. 

nfbwa[<jitrtss. si s (c) zm-xoizy-h 

1 o i o 7 j ate. 01 8 ( b > xit. sasL^siss- fmmizit*x j ^±.tz9mi,t:imiz%&. 
m*>i,zmmLLx. xe^^^^e2O2SHt0ra [oi 1 ii y-hmfi2 04S-RiE^ir<7)H5>fx 

OSE* (fci:i.^^-Cli4 OnmS) tftf-'- Ufettlg y-Mi®Miia® <±£ 

20 3£ffc6§#*. y-MBHti^ftfcLTtt. Ztl y-bW&#S>*). f- YW^<r)^mz^\ ^ffi.<m>\- 
tcBRSSnSWfC^'SrV^ SSI 10 0t:-C<0K7 30 £38) <^-Mgillg2 0 3tt4*>«^>&gi^£ 

-< m&ftfxw ny?? v ■ r--tvm<r)^m^ g«tT£ftu ztuty-himm o 3<ou-^«ss 
arawrcti. at:. 3mmcr>miic<?>*-* ? ?m mu^itL^y-bm^m^m<mhm^^ 

M£9®t&fi:iblZ. 1 0 0 oncryMMUmnm^m^ Vriy&mm&nmM) (S i 0 2 ) T'&sy-hm 

i-sw-e. 1 1 o o^ct \^ommffmztdz. % wmm®2 o 5 k^cr^s-i^ $im®<o±iz 

S«<0^BS^K*^FL<^5 0nmtUi^-h Iiy-h««i2 0 3*«aa$^V^ dfctTV^ft. s 

JSK^a-C»lSL.>iteSK (fcfc^lf. CVD-SiO 40 »SJS^«««{cJijEil|c. mW564t^v^fiBt^«t& 

2 IK) £«JiU 0faofl^fc:1-5. LT. ^^2r^6[tcy-h^igK2O3*fJ-^L^0 

[0108] zk. 3ommmtx'y-htmmm miLt:*)L%^ioizLx\,^<?>T$>z. zox^z 

fc?z> t zizm%mizmmiz^2ti&wmm^ lx. iMm^j^y<nmtmt. y~ hw&2 o 

Hfitt^®ftK-c&s^ tmfD^&vmmfum 4<o\<74xy*>yxw£Lt:y-hWtfum;ttffm 

mmffimmzmm<m<oiifr^ m&xu ®t%-oxmz ty- vimm2 o 30. vmmim, 

(c ) taws >j 3 y ^0 ©'j-^ma^m^s. fc^o^ss: 

mtfibt. z<?>Mimmtfm^k . «ssffi^n,tt [01121 rn^xm 1 8 < d ) i^ftis^^rr 

^SWl-C. HI 9 (e ) <OI&C»j£tSgjiiSffi2 0 S^f H ^Uaywy-hmffi2 04t>xvy-htm 

8mwgm<m*Lt:'). m^m&tmT-tztu 50 K2 0 3^±^dis«eiS]82 0 7^i^-s. 
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li^Mi'j y^aymu: y ym&tiyx ( p sg ) (^^c+^ag ( n i w^^< t *> 9 o o"c& 

to-etts < , imn&mxmxmzmt t>ti 1 0 1 1 e ] ±ien y ? ? h • r--;wcis lt«*>t 

«l m&£m®<?)wm>£jjx^ n 2 #H§res 1 o# 2 0 3 ( y- h^firRoy- hstsa#) a>\ ^iss^ 

Og^^^ia^ff V\ JBO«St£J£2 0 7 »J 3 yt^y- hmffi2 0 4 i: . #iSI?,S i CgRoxtf 

-«^N0«f^lsaS«y- hSHhajS l l 0 O-C **^/Wl2 0 2fc. xe^i^;Wl2 0 2<7>g!K 

iOfiv^as^titf. 9oox:~iooox:<7)«B8 10 im (?-htm&2 0 3no-hy-h®)mmft. 

[o 1 1 3 j jwc s ai 9 ( e ) -cut, si cassis tes^'j3><oiaeflm6^*sy-M!8ffi*es)S2o 

1 ju m&±0)\si;x m* ( 7 * h h-c 5 1 . xmmi^izm>ixmmx^mamm:m 

xv) zmtoLximt:®m.L*[jfit>. cF 4 to 2 * sfutfc^-rfc-efc*. 

^£Xyf-*yhfcLfcK7 4X/?-y^£?Tl\ Sffi [0 1 17]^wc. 019 ( f ) Tii. WRiM^y 

ffllfcS«LJt-i§tt^tef H ^'j3>K^fcK3 0 3fc- *blsiSAVtmftL. SftHgTSftSffeLT. JI 

TB&t&m&isV 0 2 £^£KB£*U x-yf-y ISJfcliBS2 0 7 ±m£.V i JXV~?X9*ffifr?h. o-? 

y^^-iait^Kfljgs o i izmA,i$k z*>x\ wmt ^x. mm^^mm^jx vttmLx. z<ou 

m-rz. vy4xv*y?xim)R&im4*>im vxhz+mmzitxfri,. mmy^immm^t: 

t*$iom&£Wfrtih<oT. Jtysmizx&y*-*; 20 *v*y7xffl&mm2 0 7tzy-hw&mmn& 

*$®WJ s m% j ?t<. ztiffMmxy- hmm<D£ 2 0 9imifi.mm<ou^xhit^-^^7w^m 

it. ttt>*>. ®mmms#mmz>. ©u-^s myvmmmzminLx. «*LfcosmL^o. *>& 

froT^S . w^SUS „ ^Hl/y'x hf&ggUiJi y#&T Lfc hvx? fcSESgfi^fcffiffl 

SB(0H7-fx<7f-^*tjKHTse&S±E<DtJj:^© U h J SSl/» KoSlX h 'J >y'mX3& 

osnmaiY^jxvi-yy&m^-rMmyywm 10 1 is] &tc, hi 9 <g> -cul ssss^ssc 

»J&fflv^«7xvhx-y^ycffoTt«i:v\ £tt^fcKR£(c*tfc$;h*vy*hnyxyt.y;$M.;y 

[oii4] gwc. x^y^#»x,£s«£ 30 rmmwtzwtmf. m&n®m&m2 0 7*>±g& 

iss? vmmmmix~Tm?>mi{m3 0 1 ^Htma^sigtm. at a& 1 1 s-ii* 

«<om*»^^ti**L, st€*T«S7 y^?«?r -rs. -e<o^ a i mimLtimmwty * vwj 

@«*TjBfuts i cw6&im&#i,*\y&$>^ m, mcoy* huzsxh&mtsLx. zoisitxhz+m. 

mzm$i$ti£mmimw£MimTmt.ttv. mm. &t$-txfrt>. u yi^oxv^yyas'ffl^TA 1 m 

UC»i. Jtfcxlf, 5 0nmJitf5NiK*JJ:^. SiC [0 1 1 9 ] Srti, SffiO^'X MiS6MS2 0 8*« 

mmmcnmmttmtffim-r&tizii&b&ig&tzii. oytm^^i-y^miizm^tx. m^l^o^ml 

%*tT0. 08tCdt0iJ-en* { 5:V^^i5S210^RIE (H 

[o 1 1 5] #{c. m&mizmLteuitxbzm ^ • x .^yy) -ex^f-y^-rsi^icii. 

mx--Hm^?frt>#&z-£. m*>izMmmmm £.mit:wjxh£$mxbv »^^arc^(^ 

fit^SUT. 1 0 0%g|€SAr#H^-Cl 000 U tti ai 

x:. 24h©^iiay^^h • T--)Uim$tZ . Z 7{C^L-t*^fc«<MOS^-vK^*s^tS. 
<^U5iafc J: iX , N i KJi^aaoS^Ht [0120] ±IB^ J: o fc. ^^(^©(c^^-ctt. 

u ^< i: htmm i o - 6 q c m 2 y- hmswii^mffiT. maMsmssfc a y ^ 

- T--A>omit. y-himm2 0 3£B!8.L so y-h«e»is203 (y-hss2 04^T<oaw)-)*5 
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y- hm&2 o 4 tim&gtwmmz. dm^t §^£ifcL*:*Mos3f ^^fctjwciii vjut 

;H2 0 2) fcJji&iy^^^gffiHfciS (y-M6» <ofiT*0. £ftfc*fc*S<^LT^S£fc#;ba> 

K2 0 3<05 *>y- MS«J1^)a^. o£ DI9S!tf>y- h. Z<7)7 y v h'O FWEOflsT (&#) It: INfcJg 

JfcLfc&SHfcfflgJ: 0 iffi^iftrefcoT. #|g [0124] JjUiWiiBB*^BH^*«3:t is 0 , fofiKoft 

( 9 o ox:jjLh) xiimmzmtiti&m m Mtt&a*; i o o oxrc- i<m) zmtt . a> 

ISIffl^JiSt I/O**. Mfc««Ii${c **4 0VeS*5^y-hteSM^ffiig«E««E** 

li. y~hi&im2 0 3&mHz£%% (RlSL&VK 10 l/8<05VOTt^-t5 mi4±^y) „ ®y 

^*>£>^fcJR9H2fiS>ttf>. M>!ira^<0AI 7) . ®757 Wx>K«EbW1^0VftiS*»iJ, 1 5 

^fcJSBfflg^ny*? h*^m*L^S^^ V£LhiE*r|6|t^7 (Hi 5 ) indfflS#*o 

WMraWsaffla-w- h*fei£K2 o 3 (y-h^«) *&»$!t:jsvvc. i&fcHBKit^TJiifeSivt 

<0iSK£4refT*>*lS*§&fcS i O2 <0y-MftSK2 [0 1 2 5 ] ^HfcOJgffii'eteA r#Hm , Cl 0 

rmtomfctzzttfTZh. zvmmm-Atfmtocm&Vimi n + s i ccisk 
[ o 1 2 1 ] it:, y- htmm2 o 3 zmatxim •/ ^««s-ff d^46<os»5:®g^-c*s. 

l/0**£fcfcjt »K MJiffln'- h*gifci& 2 0 tc«©6Tfflfflji^-S WW 

3iz&i&wm/im£.wo%m&mxb)sx$. m tit. *mumm<i>~~<Mffimzim!&m<?)m*i$ 

maz>b.is<i-hzttfx'%h. TH02 m<zt%<. m&tx^it^ti. 

0.021 -ci^-s i 0 nz. Mammsamsmxitii 1 0 1 2 6 ] cififcao^T. »B"*-*smMrj<Mi» * 

S y- Mfi»JS2 0 3cvmtcr>£tt.ZMm-& ZttfX Mkemmii.? >??b- T--)UD*%t>-r. Hr^* 

%i. t^omktffit>ti&. it:, sm&mmmt jxtz&^x^ ^y-btmm^KmctiJMt 

&Mt <r>*y?*rv- T--;W*-H)-^fiieT-i«a t:Z<r>m>^X<miM. mttt. n yflg 

imtx^inx-. wtauMmmk &mt cotmu. *>«bl mm^ouy^mmab'^r^ y. mm. 

^Mtwi 0- e Qc m 2 ^^sv^icituaT^^f- tus^itm. nwk<r>^^m>smmtmw.izmm 

9frXm**-$v?mktffit>tVX^h. 30 M<D~®^jB^^*ffiSr!g«Lrv^. tv^-IfcT 

[O12 2]02Ott£<9J:3fcLTft$SUiMOS* &S. 

■v^i^tfH ffiE<08ffl<0«S-S£E!mt^-rS [0127]$ 0 1 4<0 1 - V^ft (T<0^5 

•e*s . y-bmswffis (ispaf) «3 . 1 4 x 1 o 7)n.&t. mmixn. jmummz vx \^ 

- 4 C m 2 ^y- bimmcoB*i±4 5 nmxh-otz. y-btmmxh^x^. t&mmmBim:xi>4 o 

®tn%.-mm&z*ix^h. z<7>nsi-n8.im -?nfoz^*&tfm®ffitix^&zk#bt>> 

(iFowler-NortheiBg#fcLT»^<tTUS^EV^jblfi h. ZtliZttKX. *9m<mM<7)y- hJfeSK^g 

fis^liS&SfvS:^. *^Wc«mEtti:*nt>4 5V (« 5 4V$rt,jlSiSfc«A5#i5>nT^S. V-?W. 

MtaioMv/cm) jjLhteatfce^T^ 40 ««mt,/h$<. j6«SKarrsfiBir^TKHtt<o^ 

02Ot«fEH14<O^^JtsmitfBB^*fc 5r^T«S[-C*S. vKOidfc. *||HgKJ:^^S 

L>tfi!3|^OiaSMfe«Sl*ttLfe^^ (with RT %^*b^4Xy+>?&isttT'VAWmjtf2&& 

[oi2 3] a*. 02 ni. *nwt^>s±£Mo tutfrnttix^i. 

S**n^?cr)&ffi&C-vmm?$>&. bUSI 5 [0128] (^5^^c7»g@) !g5?>55tt<^® 

HBE*qE^i6j{c^$ < h L . ^< i: t, 1 tc*^Kfj§- m lt:®HTt>Z> . «g^®{i|fiIBg| 
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z*>\m tmm-mmtttsLb'm^i.nx. fs t o 1 3 1 i &(e. 023(b) x\t. imcvmsttt 
mtfiwi.. j»th2 2-02 5m^xm5<?m& m-rtt:Wfi.mv. rc Ammzx+ftmit: 



[0129] m2 2itzmi£wait:yi-^\ i tm 202mmimmm%xb^^mitixms.tt:m 



- 1 9 /cm3 ) CO n m<nm&m.ttjmmgL (S i C ?y£fflV>fc#ffCVDT)Bl£Lfc4 0 0nmJltcDS i 
mi) Ti>*). m&ZMXlOum?^ SS£4X10 10 0 2 I£5:if£ffiflW-&.rfc#Tj*£. =Srfc. Tg»6ti§l 

- 1 5/cm3»U:n-xtr;? : *i^Wi2 0 2£ 2 1 2^jgfl:«K7^ilfl:t^S^$ixSico-cii^ 

2 0 2 <0±{cliff m. 1 0 0 n m£Lb7>7 Kt&g TgS6»JS2 1 2 cOJfWi. f?E0 1 8 ( b ) «I 

182 1 1 tfSHftSfcXV^.. 7 * -*KJfc»§l2 1 1 « gfOSaSftTliaHLytaikH UJliT, 5 0 nm* 
&*j:<bi>SiCmsL(Jm\iZ\±x.V?*is*)V®) <r> #aL<tt5~20nm#a*U^ =5:fc. it? 

^K^T^Lfc^V>TSBfcSK2 1 2(0±tCS i COD *3"yA<J|2 0 2^fc|g®fl^OTgff*figM2 1 2£ 

a^(bia^>^g (fcfcttfMECVDSc&i:') T** jfcgLT*^ ±m&8&2 1 3MWl/CfcJtV*U 
Lfcff^±gBg|SJg2 1 3#«Jf Lfc«£fc£ ? -CH ±ffi&tiffi2 1 3£j^LT*»<i>f»itftLT\ x 

£.2 1 40:7 -f -/H>*t6t§&2 1 1 (cUtt^ftJtliiP >Z9*i/*)Vm2 0 2 t±&iei8K2 1 3<9fi|fc:TSW> 
2 0 3{ii<0§SPg?JSifc:)gjgsn^-MeSK 20 8!g (gSKflJg) 21 2£«&£bTt>J:^. fcfc'U & 

^oy-MfiliK2 0 3ttj£|g+&SHttj£K #<o:DI£JRS£i:#T , &£<Oli. ±gHftKK2 1 3ifi 

m3mwf-*st5ifx*\izw&z t> lx. mmzti mm^^t^mxhh^^m^h.^. a*. 02 3 

ZtZmth. y-h»g|S2 0 3i:7^- (b) 4><O304ttTa96gK2 12^|»S?fl:T^^r 

4/H<e»R2 1 1 tf>±fcli. 0f5&9)Btt • ffiSco^ghPt, *fc#S«««Ht:ai(i«C)B«$ns^2<7)Hgttco 

^•j3yco>--h«ffi2 04*«|gtt^ftTV^. y-h fBffiHfc§tC*£#. 023 (b) cog* 1 <OHBtt<0l»Ig 

«ffi2 04co«iiiat^±Mfc«^|ga^i;3^y-h «?8L SB®iS(OgiBl«ig®^56*«fc:]Ri9l^<* 

«S2 04^^^LTJg«Lfcy-h«fiifllffll&gl8 fflS-WLTV^. 

20 5*j«kt^y-hmflyja*e«R2 0 6^j>4. y- coi 321^^023 (c)-c«. m&aanzy* 

himm203*s£vy-bmmmMm205. y hu&xhtwtsL* «eu ««u sicss2o 

-hSffi±ffi*eSK2 0 6. 7-f-iPKteHH21 1<0 30 l£*gS7yg^(NH 4 F + HFg^ifc) 

±fc!3JIf3fc*iK2 0 7#J^3*iT^S. 208l±g ^XyhXyfymitt, 7<f-*1t|8IHR21 

fflWCfcrL S iCg«2 01tf)gffl£Bfc:E§3ft l«0J?i}g<D{i§fc7-f-H'F|!!PS;2 1 4*JRfc*-*. 

fc*-S«y7mffiT*S. «IcoSfflmS2 08Ji. Ni 1512023 (b) <OXSTS«&Ii<9S&Jl£JR'9i^ 

*Co&fc'cD8M&g£S i C»R20 l<0SfcH*L THl3l^m20HfittcOi!iKft|g304tt^^-Crm-r 

**-MMM2 0 3<DJBj£SUgJ: 0 kffiV^&gco £. flHKr7 *-*KBP*2 1 4£«&£^Si:#tt. 

SaBg^SPirs i C««2 0 1 fc-&*fc3«£fcfcj: CF 4 tfXT^Xv&fc'fcfflvxfcRjEtt^*:^.-,?-^ 

iXBfctl. 2 0 9J4^^SR2 0 7fc^nLfcy y (R I E ) • Xyf-y^SrfflV^Clfc^ 

-h«ffil£SSfgP&. 2 1 0Jiy-H«e2 0 4£P?- fttMcK?4 • x-y^yfcfrvv 

a^<OfficO0?&^^|^|nlffifc:^-r|,fc46ioSSK 7-f-;WK«»R2 0 7£Sl 0 0 nmAU:fc£* 

■c. a i *a i - s i gffltzi&tinm^&z t# 40 r. *frf . i^t? ^iggifltefflir^x * h • x? 

[0130] <Kfc. 02 3~02 5£JflVvC_hgMOS 4£nSOxe^S^/Wl20 2*-CF54x.y?-y 

^^A'x£<0i5B§^^ilWS. 02 3-02 5tt. ^TS3i$-frTtt. S i C^m^TyX^m^XWi 

02 2^L)tMOS^t^<^jg^j.^-Bf5g r)^ . x-yf-y^RJE^^L^W Ho - ^~ 

m?i>&. t-r. H2 3 ( a ) -m. irai 8 ( a ) o lt, or<oxsT»rtw-iy- 

•c^bj LKmx. mmitz nmzmszmn tfc s i htfe^gco^^^ ( fif*g»<o^s^a>~® > ogs 

c^2oi<o±Bfc:ioi 5 /cmi&wmifamm t%&frt>x-t>z>. iMnkoiz? 4-)vv<mux.v 

i&#ranS<0** Xtr^^^;PJl2 0 2 (fcti +V?im/Ji.t>. 7* M^XhfcWttft. 

tfii-Oil OximS) »J«L. d<0^. ^ttigfttH [0 1 33] ^V^T024 (d) Tli. ^XHB»T 



t&^imztix^httfsxm. t<£.m<)mim 



2t^V^±?a^|g2 1 3*&&*7<r-*KK8R2 
1 1 f-jaS-tS. Ta5«5SK2 1 2{it^*y^H 



2tfcV^T, 20 1li^>Ftt«ji8S(M#>lX10 
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t>fc, ffiWHmfmiZ&^X, <r<0RCA&ftT:7 W±<r&&8,i'V 3>^^Stt<0Kfl:!Bj ( S i 0 2 ) 

sai-rs . {mfmmitw>x&smribH£^ i o 1 3 6 j gi >th 2 4 ( f ) xit. mu?>±M£® 

ot^<. **j-*Btet>*£w\ o^Kganugio izmfsm®2o 7 ztmtz. zomm&m207 

?-&:cgfcHr< 2i. *MMi<:*Ucyy£^LfcyySK#7X 

[0134] at. «att^««^fi^{ciaefl:UT. (psg) %f#mf&*mmt Lxmtx^h. 

7-f-;l^rana!214c7)xe : J'4f^^2 0 2^iB 10 ^*m«>tttt£*(ZA*U N 2 #H^T»1 0# 

\Zvm.<nWh mttiZ. 0 nm|) <0^- Mg COg^^f&JiyiSrfi^, Bia*fttiK2 0 7 fcitfi&Jgfc 

«K2 o 3 i<oKf. £K£fhMM2iH z\<r>mmxmm.uy- ( 1 1 o o 
^^•v^«2 0 2t«rs!^$^ Ttmamimt 

ftM) 212<7)B*tfm*?htki>tz. SOTBttt [0 1 37] ifcfc. 025 ( g ) "Cii. b5H0 1 9 

-}§tt<9&i£ftlg3 0 l#4u£3*i.S. y-MfiSIS2 (e ) Olg-CgJBHLfcJ: 3 S i C«ftf|ffi£Sfc 

0 3<0^fl^fefffcLT«. fctitf. iSgllOOX: W*lum&±<DUi?Xhtt (7* M^XKCJtW 

?<DV74mM:b'#£\,\ Hi 8 (b) *>IgT £^LT«iI£#gL$:#^ CF 4 fc0 2 Sriftx 

miLt:£oiz. Z<7m^^\m&<r*kX<r)JL?£<r) v**>hb UtK5>fx-y^-y?\ *£uliigg7-y 

S*®fcTliSffi3Eft#PgK&r>-C < S50n mtUKO f:^«fc«^*H^x y ^y^fflv^T. 

JfV^-MSMaSfcLfeV^ii. SiCtf)50nmJ? JILfc-«tt<0£IS,f&^ya>«^3 0 3fcHSttO 

^^0iSgHkK^)±t:fl!lOjSjS#a-C^Lfe»»IS itta^ 3>§t3 0 2£§S£fcSfcfcU x-yf-y^tf 

(fcfc*!*. CVD-Si0 2 &) £«®U BrSoff -T8tt<^J§ftlS3 0 1(cj^)t't^-C. 38«1^T 

s . wmm(ry-^m.^mstim 301 awns -rs . 

®mtw)®<&mt % w^coxmx^m^j ?>m [ 0 1 3 8 ] give, ms&wm? -ywm&mLx 

2 0 3 £ *74^*v7Xlte%$hm<r>4 itvmbir -3Stt^HftJS3 0 1 £>§fe££Bfefc 

toi35] act. 024(e) Ttt. Wbxmm& its i caftans tf^ivfr*. 
sffiizisjywmzmvzm&cvDm (jfcsag6o » j^tsigo+temitTmtf gftOTfcmso 

ox:~7 o or) if* 3 o o~4 o o nm^f.y jsnstmsstrf- h . mmmmt 

Un^K^jRISLfc^ IS^KU^ (POC 1 3 ) tWt 5 0nmI«N iBBtttt. =Sri>. S i CffiRfig 

^fflv^»<o3M£ita (j©iia&9 o ox:~9 5 o m<r>mmwmm-t &ti*ti#hz>t&&Mi % sjaat 
r) -Tstsa&v 3>m&pmip$:Mm-z>txmu v--?x?*®mLx9m%$:m&Lxmg£ft 

u ««ttSrff-5--r*. -ri^x. mmi 8 ( c ) <r> o. 

XUXmiltZj: o y * h U 7^5 [0139] iXfe^Hfic^tffiffl LstP^'X b ^^gl^ 

jaftiOSSfrKT&S., RIETfiefflLJtl'^X tsiu, ioo%gttSAr#Hm-ci ooox:. 

Ls 9oox:<nY74mmfflmxim mmmizx^x. n imimm^msmmt^ 

tt.ZitXm&i'V3><7>y-hW&2 04<0Clffifc5 fcU ^=5f<fct««ffiJiil 0- 6 Qcm2 ^^^t« 

0nm~l 0 0nm<0y-hmffiIffiJfegK2 0 5$r^ «>T(BHn:«0SjS«fii 2 08*«aj*5. |?3*Lfc«kd 

tt^tea^y3>-iS302<oTt(i-jatt^*gft^ mmkstmmtim&m (zztun i ) to 
y ^ y^3SHb3 o 3*54us?ii& . y- vwmrnm y ^«jtt^istc-H)-^ias ( n i <o^^*< 

K2 o 5<r>ffi&.<?>m\±. m4<vmter>m&xw^tzs. t%>90 orm.) nzm&th. 

3fc. y-hmmzYyJ^yj-yrx'&fiLLiztz-f [0140] im^yfth ■ r~->v\,zuLxm>x 
*>m®*mfimx^{tLt:y-htmmimi$i<?> » mzm. zntzmmf&ztix^&y-vmm 
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203 (y-hmm2 04<DT<r>3ft) treaty ~ht&m203ff)o^-bmm<o^^. on 

a wy- hli 2 0 4 1 . JtUSffiS i Cfflwt? gKoy- M6glitcKSN-SSHS15^atX7 4 Hie 

^^®202fc. xe^df^yi/jf2 02<^fci?fl: tsm?>T&«fctiig2 i 2*m) ty-vmmwm2 

M (y-hte»K2 0 3<7)3t»y-H®l^K0g|^. o 0 5 fcT£jgB£B;*fx£&{C. y-M681g2 0 3£ 

;PHia»K<oTgf5*fesiS2 i 2^*^r) m&iso m&mmb&m (no ton^^b • t-->i> 

^yvmzmtf* bmtmm ost.x iz+#%m. ( 9 0 omh) xtrnmrnimtv^^ 

[014 1]^T@2 5 (h)Tli. 10 L£W ^5rfc^ ^te^'JnytJitXS i O 

h vvx h *wmL. mnee • «#lt. 7 2 . s i c £±ts**^£££jr miti&tztb. m 

ffln&2 1 1 fcx.y^yy^TSfctf^l^XHvx L^f^S^?^^®*^^^^^- h imm 2 0 

mtfilX. Z<?>Ui?XhS:+m&ZitTfrt>. Wmy WfiS 0 0 mt?)i«K£+T?T;bftl>^££ s i o 2 

«yK«a^ffl^^x>y^>'^-cJi^esiS2 0 7tcy- y-MgsK2 o 3t^m-^z%mhx^mtht^o 

\-msmmn®2 1 i£gg»ts. ^mnvvx £^T^w^M:-t& ztifix-%h. t 

MiSW«ffi2 0 8#H«:7 ^SSSfSttSajLT. fc. y-MfeSK2 0 3£fga^TmrSlg<0&g£ 

L)t0t)tSffiftfi*^ffifc:ft^rs<O^R&jh-r&1ft9l 20 Si$Jl6»5!UlTy-h«feSK2 0 3fc:4it5^i 

*&ot»*. x-yf-yy^nTUfc^. wxyix /mmzmmm^mxvvx^. mm*z>\^<-$- 

ttmfflmmmizmiLtii/isxhzmwii'isxhc?) &ztWT*z>. *<otitb. tib@26. 027tpj* 

h y yj-mx^&izMmi. *s*-hhbwc*» -ttxo^ imsmnm$mT± t s y- netug2 

^sass-es. 03<^s^^tt^^ (±3*0~o) ^jn^-rsc:t*t 

ioi42] &(c. 025 (i)-cii. aatis^sg -c*^ ti^am*^*.*. ^juj^b^s 

yUM^+tciBx. tt»t. £«<7>«g*fetiJg2 0 7?>J:& g£i*LTV*£?)T\ JPU^fl^Sfc^gfccoftltfc 

^ffitcmaoisetm. fct 1 u mJs<DA 1 gawsta^ 1 o- « q c m 2 &&snii.r*mT£ 

Xhfc^fcU S3tU WmtX. ^-yl-yrcOUiSX 30 [0144] 026te. ZViotzLXimLtiMOS 

h-?x?£Mf8.Lti®. SS. iK(MSSi ^tS^Ort, ffgcoi 1 ffl<OfB£-«£Bltt0-e* 

ffl<op^*xh^^LT. c:<owvxh^-h»sai$-ii: s. y-hw&nmm (winm «3. 14x10-4 

T*»£k y>im<nzv1->yi6Lt:m^XAimt:'*9 cm 2 . y-Mfe«|S<oaUWi4 5Dm?i,-)fc. 02 

-i"fcU S3S2 1 0£©jfrf mS<OU^X e^mhi^kti*) , iSHLst^^n^^MierHfc 

M3XPKB2 0 8*»U ^S^)x»/^yy}Rtc}gaj L SS[-«E^tt2:^UTV^. C««S£-mffimt<iFo 

T , ?m L£D5£«U: 0"t SOSrfiftjh-tS BttrCJMt wler-fforthei«fe^fc LT» $>tlX V ^SgV ^SftJK** 

StLS*«. SBB«ffi2 0 8 1 d^)fc^*«^vv^^ffi OKBttO^ttTft 0 . «ft**«W-ft 'J -^tt«0£s^ 

82 1 0£R I E ( - x»/^->y) -ex yf-yy ««KSii«rv\ «SK«BEJii:'nt,4 5 v 

-T&tZlizli. <m?Z>ztWX£t. WmzWxY j^Clil OMV/cm) JHJhfcfffubttMFJl.'Oit. 

v^.^fcSSSag«HtffifflL^^^H^ffl^h»j 40 H2 6fcragH14<7)#e$-Jt^^JfDB^* i: 3:fciJ 

•y^T-^t^*L. ^cS-HHI^-C*^$aS$-fr 0. Cl^*IWg^^<MOS^-vK^^y-bJgg 

SClfctciO, H22tc*U^*^H(cS<MOS^ ISOU-^«aar^fc*6«««mEE{J s ai4fc^t 

fcfia^<0^3[M^^ttt^m^ (with RTA) 

[0143] *mm<rmmh . mTfc»^rs i p i o . . 

i^4<^St<0^®i:^co®fiyiS&^#ii,tiS. [0145] 02 7IJ, *^t:*>*»SiJEMO 

mm (o£9UffiSffi2 0 8) ttx. y-hwm >vw±#j&j$nz*$<isybL.&%<ti>i5v 
2 o3#y-Ht«2o 4 tmm<mmm mjifc:^^t*^ja§nTv^^ ^^^aangaja 

?*^}vm202) tm&mmwfo<n$mim <y 50 asrjsL^*Mos^^/^Kj3(,>T«2v^<oe^ 
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©777 hAyKSEoffiT am) 

mivwrns.*. i ooox;? urn) a> 
**4 o v< t>^$>&K$ y- h»6Si8o«»««mffi 

y-h«s«isoy-^maD& j irL<it^rs (ray? 

vjy±iEtn6jtcx7 s (015) fcv^ffiS***-? 

[ o i 4 7 ] £ £. *$m<?>BmviiA rmmv 1 o 

Q0X^X2W&>3>99h • T— — **JiiTV»*. 
»I^!l«^ffX^^«0»|fe^«n+ S i Cfcffifi 

Ur#oT. *lfeB^life^ffi{ctJV^Tti. S iCSS 

[0 14 8] ztuzmtx. mB-t**w&io±* * 
is. HK^o'jy^ttfijaainF^^^^ mem 

S. 

[0 149] $6(C V 014<iOI-V!Nftt (TOT'? 

y) n.&t. mmjx-te. mmtgm®&Lx\,^ 
y-htmmx^xi>. t&mmmiSckxh4o 
vgrc*o. mKxmtt&hcr^^j- 
rwsizfittttffm&isttix^h z t . 
ztuzitKx. xmtcmmoy- h wmotmm® 

mmtl-^XWA 0 VVJ±tlS< . gt>J:v^><0»i54 

v£i,mx.&i><Dimt>tix^&. tt:. v-?watt 

-rgfiLX-bZ. z\0)£oiz^ *milz3:Z>8Htim%m 

£it<xmtfmz*L. ?-himmmrm& 
wm^ix^*. 

[0150] m6<rm&<mm) *m&>m<>>mfo 
<mm\i. w 10-30851 o^&mzwtfsZti 

T V ^* Jt a * n f-ir *ffl/*7-M O 

SFETfc. fiff*y-Me*8»mKr4»V{CMOS# 



(26) &SI2 00 3-24 3 6 54 

50 

H2 8{±*fKB{C«^<yN-v-MOS FETtf^fflfii^ 
£fSM&Wfc*L,rt:B-C*4. 02 9 (a) @28± 
<0 (a) Brffi»TA7-MOSFET£^Utt£<7D 
g$frfflHT*9. A-7-MOSFET<01oO)-b^ 
WkiTjiLXm. ^7- MOSFETIiCKOl^'SHr 
/^««fc^aajS$if-C (IIIffiWfcJiMJil&gS-tt 
T) $£3*1*. 129 (b)li ±Ea*!7-M 
O S F E T-byKJDJgatB^f S f- h«ffi<0flX 0* L 
S5*<OBra5flK§T& Ox 02 8±<0 ( b ) KSffiKT'Wffi 
10 Lit t # <Oga©rffi0T* 6 . 0 2 8 iZm LizW-M 

%mtt±)vx%>. hh\m. mmi-t^xhmmtzm 
mxzt. laTomwizts^x. t < iz < b ) m 
mk&tzm*)tf%\,\m&^ ( a ) mm<mm>. a& 
v^ji, ( a ) mm&xv ( b ) mmizimnwmxhh 

%><T)k-th. 

[01 51] 028. 029fc43WC. 22 1ttn+# 

fe B B s i cs«-cfco . mm (Ht»_traM) 

20 10//mx mmi4xl0- l 5 /cm3^Jnl,jtmi 
<0n- xe^drv-^;H2 2 2^*txe^^f^;^ 
SStfT^S. 4H. 6H. 3C. 1 5R^r^T<0f B 

&) (OmSlZm^&ZktfTZh. n-lK^t* 

i2 2 2^«sa5fctjtt&m«««fc:«. Bf^is^* 

f Sp^Ftt«s5ri)-f 3&»{C^iinU^p- ^-XJ12 2 3 
afcJ:^2 2 3b*<BISLT»j£i?ii. BfiB 
(b) fct>^T«p-'<.-^.®2 2 3c3&gg^$^T^ 
5. d<Dp-'<.-;*Jl223clii!T&-r&MOSFET 
30 -t/K0p-'<.-XS2 2 3a*3tji22 3bi:^LT 

[0152] p-^f2 2 3a, 223b<0^®^ 
Br^iSiSWi. P" K-xmX *) t»g|V^n+ V-XJ12 
24a. 2 24bjWgj£$;h.T^£. §^>fc. n+SV 
-Xfl22 4at224btC«L. ^KDn-xt^dr 
j'*/W!2 2 2fcp-'<.-;Uf 2 2 3a v 223b. 2 
2 3 cc9fDlfci±m2<7)n- Xt^^f>'^gS^2 2 
5^«$ilTV^. c:<o®2<on-xtr^^y^s 
^tf-2 2 5Ji. x^nM Xc^W^tCr^^x^HtiJi^ 

40 X1-v*fW8tiUakLX1ffllZtZ>. ^n-xe^4fx 
^^SSM-2 2 50*ttBii§g|i. lxiOis / cm 
3~ixi0t 7 /cm3<7)S©ffiSgT*0. 
Sl<0n- xtT^4ri/^;^2 2 2fttfp~ ^-XS2 
2 3a. 2 2 3b(WWmjmTX'$>&i>(0b-rZ. 
P"^-XS223a. 223b. 223c. n+ y- 
*Jl2 24a. 2 24bO±aJWia«nfla52 3 6a. 
2 36b. 236ctfBtf&tlX\^. 
[015 3] (b) BrffifciJVvt. P~<-X®2 2 3 
c <7)J:St:Ji^|gc 1 0 0 n mJJLh<07 KffiSK 

50 226imZtiX^&. 7-f-;l-HteSK2 2 6«S 
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iCm&2 210)?mi:mi{LLXBJiLltM^T&& [0158] £i\ 030 (al) fc034 (bl)-C 
SIS2 2 7^±{CSiC^Sfl^^K0^S (Kbtli fct &®¥10-308 510^CiB®$fi.-O^J:d 
MECVDffifrif) •C$j£Lfc^±SW&ISK2 28# fcLT, n+ S i Cfflg2 2 1 fc^KOn- Xt^i/ 



[0154] (a), (b) MWfflfctJV^Ts 22 9ti b, 2 2 3 c , n + V-XS2 24 a. 2 2 4 b. %2 



St. 2 3 0te7l-n,mn&Bm£BflLZtuK:y-h a. 23 6 b. 2 3 6 c £«&i£f S . g&l. 3&2<Dn- 

ifegis-cfti). ^y-ng*8&2 3 o»±j£&#&sv> xe^^^o^tffotms^iS s i cs« 

^J!!Bi3^J^J)6C:fc*#tS. y-M6S)S2 0 10 tt<rm&mmxWRLti*WiXmm>tlX^hl> 

3Ot7-f-^Kt6SIS2 2 6tO0r^M«<<O±fc:li. g VTomWiztowx. ^tcBr^v^ 

«tt£f+^Lfc3M£fii'y3y<oy-hSffi231#ii ^14, SiC^2 2 1fc^e**^wW12 2 2 J H- 

tt6*iT»*. d<oy-h«fli2 31<08liiifc«l:^±iS ^<0§K>«fl^j£$;h*i^£^fco*/C-ev>S. 

fctt. #*Silt.>'lJn^£^fc$tfT^l,*:SI^y- [0159]<Kfc. 030 ( a 2 ) t> «kl)t0 3 4 (b 

MSW8«2 6 5axvy-hm&mtmm2 2 ) ra. RCA^&^T+#ffiftL*:a«£ 

6 6*qE^?iiTV^. y- b1E&WifiI*&JI]&2 6 5fc l^#^T!!fa^Ur^^ffiMWcmfc«S?flJS 

itxy- h«ffi±ffiiesis2 6 6 „ y- Me „ us v vmmmzm^xmhizjii m<.z 

w&2 3 oT±mzy- hn&mMix\^\^fti$ <m. tx-izwvzm&tzx 0 „ mam^m^its 0 

±tX7-f-;PK«eHR2 26^±fc:Ji«EBeMaS2 3 2 nm*i, #i L<Ji5~2 0 nm#S£ U\ gttgt 

[01551 233a. 2 3 3 b(i. B@*g8lg2 3 2 ^*ffi«i^T3We8«2 2 7fcJII,\La^ 

£Mlt6*U n+y-XJf2 24a. 2 24btJit^p JK2 28A^S7 4 -^HtfiBR2 2 6£jffiK-f&. 

- <-xm2 2 3 a . 2 2 3 bfcffii-rsv-xiaps TSBe»&2 2 7(±. mmmz Y3Afsmmmx& 

Xbh. Cl<0y-Xi3Pa{2 3 3a. 2 3 3b4>lg#fc; fliLT»l£L3t»l 0 nm^ftttftOs ±tfKI> 

teV-X«S2 34a, 234b#&£. Cioy-xm Jfi2 28«|gffiHIWO^T»j£L^rli<0W^e 

S234a. 2 34b{iNi&fcV»V^$»s&g£IJ|£ SK, JtfcxfcT. >-7^i&ffl(,^SffiCVD-C» 

u:fc. Mmsmmx-s i ct^^^-frr^-f £U:4 o o nmmos i o 2 K^^fiEffl-r&cifc** 

h. 2 3 5tty-*J!§Pat2 3 3a, 2 33b£tfLT TgHe81S2 2 7<Off*li. 5 0nm*8t# 

y-X«ffi234a. 2 34b£R-g«^*>fl!itf>ll|g& * L<«5~2 0 nmtfaa U\ T88S8IB2 2 7<9 

[ 0 1 5 6 ] Srffi ( b ) fcfcwt. 7 -f -/H*«»K2 Mgft^^gHbyx^ffl^yj^i^t-et j^. 

2 6±fc^jK§^^J£^ y ay • y- bW&2 3 1 iB(CT®iie«IJS2 2 7 fcj&gS-frT*^ ±a5«»t£|g2 

±&^ISH^2 3 2ttty-h«ffil£ta§§PSS2 6 28£j£KLTt>VH^U ±aBgtiR 2 2 8 £j£ 

1 aW>>itTVvC. •e^KSStc«^|gfi^'J a>b£ &LXfrt>m$M.LX . fflSt±35iesig2 2 8<0^fc: 
&fcLfcNi*^££y-hma^2 3 4c#SMl TaSJ&SK (iSBKhlS) 2 2 7£»j£LT*>J:V\ & 

tus . y- hmfl^«2 3 4 c i: y- hms*6«iifp 0*04 o i «iT«BesiS2 2 7 

«2 6 1 *itLxy-vmk2 3 1 1 m-mawm timt&mmfczti&mi (v-m&fmmx 

®?mm s &m®mzimt h 2 <nw& 2 1 0 t>&. z\<r>m 1 <o^&<rm&m.4 0 utm. ( a 

^«ia^K2 3 2fcfifi$*uo^. -^r. n+ l ) ( b 1 ) •C^ttS«®ffl<offlSasv^ffi«» 
SSiC«lS2 2 1i^Bii^Hfc:Sm3n<:2 3 7tt. 40 MM ^S&SWUffi 0 i ^ . ^^XST^-TI. i t 

FH>Ht*S. »I<OHW>mffi2 3 7«. Ni lot, «fS^JR0^<S&*3& { *)S. 

zt'cm^m&mzmmtmmLt:®. nm&m [ o 1 6 o i H3 o ( a 3 ) axxm 3 4 < b 

a-es i c t£&fc$-ii-cs*j£rs . 3 ) xa. mzcrmmiz? * vx v zwmt. 

1 0 1 5 7 ] mz. *m&im ttzru-i-m^- t.mti. mummy vwmmizimLxvxv h 

MOSFET (-b;kty-h«®Ri)ajL«) <0®Jt* Xy^y-f 7 ^-;l^H»«J82 26<O0r^ 

ft^BW-l.. 03O~03 3tt@2 9 (a) tZmbt: <D&StZ7 4-tUmUU2 2 9mj£t&. SfS10>- 

mttm&m&T&zm-mm. 03 4-03 7a mt<rm£ttM4 0 1 (i-^tcx-y^-yy^^r. 

02 9 ( b ) iz* itimww&jit&xnzrttm® xm^-tt . 4 -a, mu&2 2 9 mm-tt 

0Cfel». JTF. «i«L»SFW«8a3B*-4 t C F 4 tfXTyXvKi: ^fflV^RiEtt-f 
fcLTStHW-S. 50 x.y^yy^)H5>fx.yf-yy^^s^i:*fC5«. 



t;H2 2 2, p- <-^Ji2 2 3at}J:V2 2 3 



7 -)v Yt&m 226 izfflttttiKiy a -)v ma 
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[0161]&fc\ 031 (a4) <b4) 

-ft^KftK ( S i 0 2 ) £&3r-$-£fc«>fc:*g«7 vWt 10 
SBRfcSg^lOi^U S*6*T1g«7.yiit8i&£ 

[ 0 1 6 2 ] SOU L*:S«»i«i^d»&fl;LT . 7 < - 

^Fiapa52 2 9^»R^fflfc:waw^ (^ti.^ 

utli4 0nmf) tftf-'-M6Slg2 3 0£j£gStf 

Ttt&v^ fctxtf. asi i oo*cr<z>K7>fBNt 
wmizmz. hith y- vtmm2 3 0 ^mm-h^co 

wmmx\t. stc. mKov-xmrnaxtms^ 

s i cvmt<\^±izikcoimt®Tj8f&.Lt& 
im(Kt£\f. cvD-sio 2 R) £«bu mm 

[0163] iMiy-hfflteteiz. 7<-)VYimm 30 

2 2 6 £T£fiS?S S i CfflR (^2<0n- Xt?* 
^-wWI^t-2 2 5 1 p - V- hm 2 2 3 c eo^fi-Fil 

-at) i>^&tt.zti&cr>x\ 7 < -iv^mmmtm 
SR2 2 1 <m*.wm&h . 4 o 2«y- mb? 

2<o-iatt<^g|-njrc*i. zcr>»&ttmi>micr>- 

[0164]<fcfc, 031 <a5) fc«fctf03 5 (b 

5) "TO. y-Mfi»IS2 3 0«r»«U»o7t/i>B^fc 40 

Dffi (j&gi»g6 0 0 , C~7 0 0'C) Tff*3 0 0~4 
0 0 n m3m& i| 3 fjg&U *<D&. iSSK'J 

y (poc 1 3 ) ts^^fflv^ttwi^iscffi (am 
?a@f9 o ox:~9 5 ox;) T&MkSsV aymizp ( y 
y) £aarau ^tt^ft^-rs. o-*wc x ^risbb 

iZ7*bWJXht:mfiLX. 7*YVVyy7 4t. 
C2F6 fc^^x^^-v^hfcLfcRjStt-f^yx^ 

(rie) fcjflvvc, a«afflia^«s^'j3 

>«*>*g*&#£JR9l&# . y- hSffi2 3 1 50 
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^ . . 4 0 3 «±£#»ga^ 'J 3 y&Oj&g-CS 

R I E izffift Lfc7thl/y^b £§S££Bfc£ Lfc 
SSfcRCAftftUC. -HhfSHKbLfefc^^T. 
9 0 (mo H 54 B^#8BmtiaK^$-frT . m&is 

*j 3 y<rmw,z<m&is y 3 yofjKfl^^^ts . 

2 6 5 i 2 6 6li^<0 J: 0 iz iX&Nbi'V n 

hmm<mmti^r/±mizmm^tt^immxs>i,. & 

fc. 4 04<i. -TB&D&lti&i'VzymO 

3<mmm&zti£-Tffl<?&t£& : yvayfmm 

[0165]<fctc, 031 <a6) *Jj:V03 5 (b 

6 ) Tti. ms.<om^mizmmmm2 3 2 amt 
t. z0)mmmk2 3 2tLx\^ ^yytfsm^m 

mt L^ECVDS^l vmmcOS i O2 WUbh^ 

\z&\zvy*m&LitVym8itfyx (psg) % igtc 
ciiifc^^s-gainLJt^^uy^ter^x (bps 
g) %t'imtx^&#. ztuzmzztihizOTiz 
w z<m. mfczm^mmpizMi^ n 2 tuaaT 
s 1 ott<7)m j VMmm*fr*.\ m^mm2 32* 
th®gntt&. :<^«issii y~htmm> 
m. (m$nt) iasi ofiv^as, 9oor 
~ 1 0 0 0 x;<7>®m?&gm£ti& . 

[0166] 03 2 (a7) t>J:t/03 6 (b 

7) -Cli. SlSco^iiifc^^M^yxhi^L, S3t 

m&m&yvwsm (nh 4 f+h 
fs^se) tcsau vxvhxv+yf'-t&z.tx'. 
mmmm2 3 2<m^.<n&s^/-xmu^2 3 3 

a. 2 3 3bfcy-h«ffitgf8gap&26l£jafcr 

-?%t'£m^t&jm4*yx.'r+yr ( r i e > ^> 

K7^xyf-y^fflv>SC:i:3&«-e^^ t<tm 
t/L<r>V-x • 3^? FS-^fltL^v^-ttt. 

x yf-y^frt\ «S*6SIS2 3 2^01$ 
-e-ffc:®:l OOnmSLfetiW, -tSUSffi? 
SE^fflv^»>x>y h • x.y^-y^fcfl)OtfttSJ:dtrr 
=5r*s. SS7y6S9l?S^fflv^Xvh -xyf-y 

»SSiB^ISav>j3>ll!igfl«4 04i,v^ 

* h wx h&m^t toms&nn&tztm 
ztuzmtinzmmLx. mmmtztm&m4 0 5 * 
£Bst&«t-s. zvymmmtLxu. tituf^ 50 

hmmto<rmm&(?Kk^ziEtrthmfrxmmm 
"mut^xht. zcomstm^t. ^pgs<os i c 
u 3 y^miz&mttmm&ztit: 0 . 

Hn • *>-#yiffittmit:') IX. Ztitfmt 

%^xm£<ofr$m<?)t5--&mmfL>ti. wmm: 
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Hpa5x^f-y^±nr|g^ffi0#<fttt^l4O5$- titUiAitrivmmKWgth. Aim* 

<7)7*v\si?xy ■ xhj yjy&m&it* msmwk s®lt. ^'/i-y^u^xh^x^^m^tt:^ 

nztix^h ?*h wjx h z%£i,zm£-r& . ttuz mmfcizmmjmmmcr>7 * h wx v zm»L 

J: 9. 7*hUi?xh<o±£&Mlt:ffl»&m4051> T. d<OPv^Mr+^M©g$-i*:-C*>^. >J>-IS^>x 

PWMcNtMi, V-X|JlPa52 3 3a. 23 3b_L&tf v^^JKiffl^TA 1 Kfc^-yfcU KM** 

y-h«Stetl^Pg?2 6 1 OIi3Bfctf>*«tt&g4 0 mzWfcthW&2 3 5 £ y- h fgffitdS&t&IBtt 2 

5 £8 LfcaififlllttfT* . 10 . mSVlsisX Hi H W >-®g 2 3 7 

[0167]#fc:. 032 (a8) fc<ktf036 (b 10 #y>^<OXy*y^ifffc|gajLT. M*L)tO^ 

iizm*ium&±<wmm\>'i;xhtt (7*ywjxh *u&fc5rn§^Aug£RiE ( h'^-f > x^t-yy 

XX^) £§£fcU CF 4 t0 2 ^fcF?-f-l7 -tSfcSfctt. ^«&-rSCt*«T#S. fi&fcl^Xh 

*>?t:ft\.\ KiBfl&tSiftS' 'J n >«4 0 3 7^^ fc H H ymffi«at<&8 UrSHl^X h 

xvyj-tj^m&wzmm^mk&RAost zotx. 02s. 029^1.*:*^ 

xv£.£ hmmsmxmi&r &ss?* * . [ 0 1 7 0 ] znx 0 1 lts# LfcTw-m^y- 

«r««7-/KfcjSLTIB20HattOiiSHtlS4 0 2£ MOSFETO^-hffegJS^I -V#ttfttm^»C 

mmm&mt&ifminiiiiiiti,. mm? 20 -v#tt£if«u:i:::<?>. **i«ru 02 0. 02 1 

vtmmim*.-&B£izmmix. $mztttz ^=026. m27 tmm<rm&w%t>titi. z<o 

*>t. m^Hzm&zimm^iztmztitMmimcr)* m&mtzi^ mztzm***. a t P - <-x2 23a 

(38i.ft<t. miiifc:Blra«^jifgai^R4 0 6S-|S*-r fcp-^-X223b<9fS®EiSI£200/*mfcft«M;: 
S. Cl<O^SS««Bg4 0 6<Otffii:LT«. Lfcl£flS:J8vvCV^,. _tE«0J: 

{f. 5 0nmW<9NiK£JB^5<rfc#aj#£. ^^V-MOSFET^ffflJrJSfflLJt^tfc^T 

[0 168]&fc. 033 (a9)i>Jtf037 (b fc. 84. ^5<9^^J8Tli^bfcMO S**A?>- 

9) -ra. mm^mitmttiu^xY^wiu^xh 9kmm?>immt>ti&. £o»*ul mos^ 

<v$mxhy-yjmv%£tzMmi. m&-wm^x isfoy-hmsmnkTu-i-mw-MosFET 

frbtmzit. fe^izMmmwrnmizmm. lx . m ±>wy- hwmvknmmtszvzotmift&titb 
ttSA rwmx 1 0 0 or, 30 ^yu-tximt^i t , 3$£W8i$fts*gST*s 

T--;H S-HJW-S. ^co^MtcJ; .rfctfSJircSS. -f=5:*>*>. 029 (a) <on+ y- 

oT. y-XglPg?233a. 233b, XH224a. 224b, 22 

^P&2 61&£tffcgffi<9fi3)*&g (NiK) 40 3b. 223cJi. ni^ti. pS^Rtfife^aaniLJt 

5.40 6«. -e*t-e*u n+ y-x«^ P - ^-xji 03 oxmmt^ t& 0 . -ec^smin 

OSiC. n+£*g,&yyny. n+SiCSffiiHl$ - IC^^I ( 2 2 5*SV^d2 3 7 ) TfcS. 

K^fliL. WfrXffiBSrL£?Fr?V-xn&2 34a. o4 0 . J:S02 9 < a ) 

234b. y-h«fi^H*2 34c. HH>li2 3 MOSFET<oy-bSffiSja<OKffl18jali. I5ESI4 

Yimm2 3 o < y-hm&Toy-vmmft) *«. o. h^kp^s t 

^*SAv'j3VOy-hmffi2 31i:. m2<0Xtf^^ 40 [0 1 7 1 ] TV-^-S^-MOSFETc^ 

v-\-;PS#fr2 2 5 fc. m20xe^^r^-v;HSM-2 ^TD*Xfctt^5<0||tt^®<J5MOS^^\V^ 

2 5OSijHbli(y-h*gMili2 3 0<03^-Ha« <rm&Tu*X*tt&thk . y-h«6SK^^LT 

w<oa5*, o nggcoy- hjesasfcB^-^^H^ *^ss*agjs^»is-ts t cox-jmuzk m txs> 

itmy <-fr\ : i8im<r)Timm2 27^mt) s. -e^coigt.MosFET'ciiy-x (y-hs 

t. m&isvz}><»mtmxi>zy-hmmmm ffi)Sj«^M4 0 5^y-xiipa523 3a. 233b . 

2 6 5 1 . xmwt:&&izm>tut:wm ■ mmmtff) &t y- hnmu&&2 e 1 fcs«*^SN i zmm 

[0169] g&fc. 03 3 ( a 1 0 ) i>iV03 7 To-bX^cOT. ?- YmmnW&.lZ'mZH-L&n 

(b i o ) ni. ny^^ h - T--)vm/jmg£ ^xffmmnmt^o^rcimtht. m\m& 
Mg&zimztiKvyZbayxrtyiroyy&mz 50 mttm^xhX\,\ 
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[0172] s^K. *m6^nife^ffii«, m4. m om&ffani. mi 6o«j£oMosFET#iigo-o> 

mrrv— mz-kftt: s i cjfi^MO s f et@#o isy hi~& k ^ofSSm$mm-& ztffTZ hk^m 

t&wmvmmit:* o m i 6u*hit 10-30 kjm^m-v-mo s f ETnmm.vtowgfim 

851 OVffijiZtLX^&S i CZmuti&mmi:'*? »i. *SBI2 000-2 0 0 90 7^fc:i>UT::oigSO 

-mo sFET±>uvmmmmm®MTf>z . ^ mmtobt&Htitutz k-^v h^N^ffl^^^ 
gstefSi^rs.rfctfaau^ tztasmans. 10 [oi76i (^700111^)®®) s&7oiii&o)g!8i 

1 kV«S^-CJi^<i:t>. y-VKW^W tt. n •f'-v -i ~?0yT\/—~fMJV7— I G B T (In 
ffi$t£ 1 0 " 5 Q c m2 JilT^fi^tS'i®***^ . £ sulated Gate Bipolar Transistor) iZ. h 

OBWWB 0 y-x/ h W >"\ogaifc&Stt, frofto ttttKfftt&6trt:M o s#Bj#tt£fi3rtS*tf>fc:, 

nf)!«^i§ (Phys.Stat.Sol . ,202.p. 911997)0*? #3K8£3SJH t^0l?2b« . 03 8ii7V-*S/t7- 

IfttT^Sidtc. «ftOfcvI$Ni*igi>jgl/0> IGBT«o^»rffl0?*&. ZcoffimmizmfflLfi: 

h. tZ-Zff. t£M&$ik LTWS&N i £\ flSBISIg rix-^ytV-MOSFETtO^ (H29) fcSftt 

£IHaSy-XBffilO' fcl/ttHW-*fc, Ni*<T l/O^tf. £iitit0UStTttftt). fcHoOi I GBT 

8BOLTOK (^'JnyKftJK) 9' i:0®*3§t£#^ «L MOSFETfc,K>f;K-5 r^yvXrJ'fcOJi^x 

IVfc*. LTOKi^Ni^am, -eOfeSL SiC A4X?. g^fcnf-^/MMOSFET^KWy 

±ONiiJi#*tSfc^3ffiS* t &9. *?t. 20 ISn+g«22 1£p*-glg24 lfc»;l££i?£g 

r- • r--)Vth fcT&OLTOJg (Jft«x>J nyiHt mmSh&Zm&LX . Il^n- xe**s~r/Wl2 

K) 36*M7C$*tgA$rlS. fc^offiSi>&£. 2 20ffiffij£Mr^S«££fc-HB->T. S&HHSixfc 

[0173] £fU£*f LT. #ftl?lll&60|tiJ50Jgllfc 7X4 XtHpttThh . 

fcWttt. H3 2$Jtitlf&Sf>:^fc:fci9. V-XCD [01 77] 038 ( a) li. GBT-fe;K« 

gtt&g ( N i ) 4 0 5{i^ 'J 3^BHUB=Jf fSSfttilg aifW^ *l/C^6 . £0-fc;Hi. E*K0:frj§Hr;i/e 

2 3 2<o±fcli»^S<t^v|fjSi&LTv^±fc:. ny Ad5r-b;P?t>. J>5Ui. ©*S-fc^?&->Ti>J: 

99 \- • r-~)vm<r>%TS^smh h \ ^\$m&mm\± \.\ tv?- 1 gbtj±c:cdj: d^-b;^»BiK^SBse 

SS2 3 5£3£f-r6!SfcfT3 fct^fi&JiSifcVC 3t*? ( ®»Wfc«M?flJggg3-£T ) ffijfcSflS. - 
V>SO?. Z<7)* o%ffiffli£<m%%:\<\ -TZhh, 03 8 ( b ) 1 GBT 

#86on»<^®fc*>a>sMosFE'm % ciii^ft 30 (QH&tzmtri y- besoix o * Lffit<mm*^ 

^MOSFETV&m&ZimT*hk\^®Wj&> I/O*. 038 (b) *>R-R' *W8rffitt03 8 

ft&3TL?»&. ( a ) ffffim I/O*. Srii. WTOHBHfctJUT, 

[01 74] !fS§§20 00-20 0 9 07^*8 fc< fcKOtf&lr^li. (a) SrffiOiffilL 

?tt. 016 (8im 0-3 08 5 10^) OffiJiO Ji. (a) KflSiJiur (b) Brfflfc£ffl<?5§tHBT&£k 

MOSFETfc3Ki&a^rt-*t75-/WN>H«E*fE Ofc-TS. 

< ^7 h-TS^^ftS Z t *H®th kk [0178103 8 fcfcWC. 2 41 (i(^fiiO*tea 

ifc:. £ft£JBft^£fcOfc^?-**>W|g^Or-'- p + S i CS«?3iO . (0*±®«±tB) 

ey^Sg^lxlO-i 5 (/c«3 )OTfcrrSjB^« lOwm. SifHxiO-' 5/cm3^JnL^l 

Sr^eUTV^S. L*»U. ^0*&?Ji, MOSFET On- xe**y*/Wf2 2 2i^*€Xt^^y^ 

osiemffisim^ci^+^Hgflt^^ffiffl-rs 40 *s*rv^. P^ptttttLTAi^igsixio 

-f^-yaAXgfcfcV^T. -i^yftXS (nBK-^ - « » /cm3 JJLh^SnSitTiJ 0. 4H. 6H. 3 

h) kLTe>mmNZW$t&Zk£mtt:£mL\m C s 15R^fc'^TOS^ (H«A*b b h. C(±fcfr^ 

fi?*) 1 ?. MOSFETOiBaBafx»?Scf!tt*»f Wd3SBf*a$'gi*-r6)OSS^fflv^c:fc*t?# 
ikfc^TV^. n-xer?*y-wW«2 2 20f|JI&fc*SltS@f5g 

[ o 1 7 5 ] u*» l^^,, *^6 oniso^st*^ mut. zm-i prnTprnzbi^tzma 

S^!7-MOSFET(Cj3V^tt. 10" » 5 (/ c .3 ) L^p-<-X®2 2 3aiiJ:tX2 2 3bA«j8SLT« 

*6^JiZixJa±Oxtr^^y^Jii&fflv^MOSF *8iu t/c. Brffi ( b) ttJ^Tttp-<-X«2 2 

ET£ffijftLTt>. 3KBSM?77>'hAyH«£E* t *# 3c*gg«§itTV^. ClOp- ^-Xfl2 2 3 ctijg 

<^7h-rS3S^{it^$tl^W -«:i5*>. #gS60 ^-&IGBT-b;POp-'<.-X)i2 2 3a*^li2 2 

^teO^Kt^S^V-MOSFETOliSfcJ:^ 50 3bt^LTV^. 
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[0 179] p-<-XJI223a. 223b<OSS35 ±Sf<0«iaiegK2 3 2fctty-h«S^ggpa52 6 
Br^SgCJi. p-<-x®i0t>av^n+x5»/^ ltfUilt&fi-Ovc. *<DBMlzii£&it l i'»a>t-& 

244 a, 244b>Wgj£;**rO%£. n+S &fcU:N i y-hSS««2 54 c#m*tl 

XS^^244at244bfcftL. SfSlOn-xt T^S. y-hSffl£«2 54 c fc^-h 

m-v/H2 2 2tp-<-Xi22 3a, 22 3 &2 6 1 ZftLX7-VWSk2 3 1 tl^-S«±<0ffic0 

b. 2 2 3c<rmm\Z\m2<?>n- ie^^yt;Hf llIffi^i>^|B|Kt«i^ri,^y><0^2«0iiS2 1 0 

K2 2 5tfm.ZtlXUh. ^2»n-lW#y #JII3iei8lg2 3 2(C»g$*u:v^>. p*JH& 

•*>umm)i2 2 5t±. fjcf zMumtsfrn xmm as i ca«2 4 1 «osffi^ffit=sssii/c 2 4 7&. 

iZ&\.*X1~**)l<mf&MtLXffifcth. ;<On-it nis? Z<7)3U? fW&247it. Ti 

9* i s*)Vm s m22 5<7fFmmmi. IXIO'5 10 i: A 1 £.T<9Jifc:. fftfh8 0 nm|, 3 80 nm@ 

/cra3MxlO'Vcm3 cO|§<7)ffimgT*> 0 . *ftt«Jf L£T i /A 1 &tf^tt£g£S«gfcl« 
p-<-XS2 2 3a. 223b. 223c«? M&BmmTp+ S i Ctt&ittiitXmfS. 

mmmkTx$>i>i><oti-h. P -^-x«2 2 3 

a. 223b. 223c, n+I$y^I244a, 2 [0184] Z<D1 GBT<0^jtfc:t5^T. 029OM 

4 4b<0±a5fc«. D0SP2 3 6a, 236b. 236c OSFETWflU&t^SWtgoT^S^i. S i Cg 

a^jasiro^. «24i*<p + s«T*>sc:fci:. mm&oiv?* 

[0180] (b) SffflfcfcWC. p~^-X«223 S&24 7<^m# P S2«t:*-$ 7;SM*W 

c<D±«fcfciIWiJ&l 00 nmjajb<07 -f-/H<l&ti& v»T i/A 1 fc&oTV**,r fc. i»2M«tT*S. 

2 2 6#E^$*xT^S. 7^-^HJ&BK2 2 6«S I* -y^lBPS24 3 a. 243b. 

iCmL2 4lc?)3ffii:mLtt.LX&fiLl,fiM\.rFffl& 20 244a. 244b. xS,^ift254a, 254b 

8§I2 2 7<0±tS i CO^ffcEUI^g Ofcfcitf Sifttl GBT#aW*-5 • TA>fXTA4«I fc*»£ 

«EC VD^Srif) T«&£LfcJ¥V\hSI3g|ilg2 2 8# .1 £ Tte&miztit& L£*f{fT. £*iii>te02 9<0V 

IMLfcffiafc&o'Cl*. -Xg§Pg&233a. 233b. V-XJg224a. 2 

[0181] (a) (b) KHfcfcl-vC. 229147^ 24 b. V-XS62 34 a. 2 34 btft lh<?>Tb 

-;l'HieSffi2 2 6tlB^n^7^-A'HIIPa5. 2 h. 

3 0147 -f-;PH^Pg8Sffifc^$^3ty-hJ&gK [0185] *f&gj5rSffl LfcTV— J«/t7- 

C^y-M&»lfi2 3 0JU£lS«fS)5V^jfflg I GBT<D&ii#i££iiBJ}-$-&„ @3 9-S4 2«. ± 

$^mr&SC:kSr^rS. y-MfeSK230fc7 a-C&O. @3 9fc04Oli03 8 (a) <0«Bt. 04 
4Wl/K|g*g|g2 2 6<0±ett. #«tt£ft^Lfc£g 30 li:042«038 (b) <0«Jt<Oi8jSIg^-nifBi 

fivU 3V<oy-MM2 3 l#li»7S>ivO>S. ico 0T*S). WT> fta^^<i»6T^#r s . 
y-hSff<0«i)t5«k^±iBtC»i. ^Igfi^'Jny^ [0 1 86] *-f. 03 9 (al) fc«ktf04 1 (b 

Kfli$*-C^)SL^^y-h«aifflieSIS2 6 5fc l)Tli. p + SiCg«24 1fcm<0n-xe;?* 

£Vy-hm&h 1 ffl&m2 6 6tf&&ZilX\,^. Y i"t*JR2 2 2* p-<->UI2 23a*>,J:tf2 23 

-h««M^IS2 6 5fcJ:lfy-h«&hBaie»IS b. 223c. n+X==y : $'«244a. 244b. & 

266. fr&tffc, ^-HS»IS2 3 0-C±a{fc:y-h 2<0n-xtr^^^;PflSfr2 2 5. SSDDSP2 3 6 

mffi* f S**.TV^V^tJ±tJ f 7>r-^K*^K2 2 a. 236b. 236c£Jgj£t£. ^ZXltSiCm 

6<o±iz\imf3i&Bm2 3 2tff&mztix\->i>. is.24i<?>GmmfiP i -?f>&ztizimi:wtz>. * 

[0182] 243a. 243bti. S®t6SK232 LT81. ®2<9n- xe?*S^;Wf^jfcg'CJBj£$ 
tcBlft&fU n+X5y^Jf244a. 244b/p- 40 itkp* S i CS«2 4 lgfflOfii&S^xtr^v* 

<-XS2 2 3 a. 2 2 3 b*C|taW-&x$ v^PS ^«{imKm4<O^JS^SrCiiHaL^)i-CJR0l^ 

-y^HPa524 3a. 24 3b<7)SSi <. fcfc, £TF«g»Je£tvc s *fcR6*V*»£ii s 

(CliX*y^«ffi2 54a. 254b*fft6.I*7^ p+ S i cm&24 1 Cxe^+5/+Afl2 2 2 J H"tf) 

12S2 54. 25 4 b!4N i £fc'tf>&jtt&mS:EgU; flS<0iS^ffi*^j£§^t<0^S«t^-ev^. 

ft. laS^KSI-CS i C tfrktt.ZitXBm-& .2 [0187] ifcfc. !5fE3S6*>0Sifc<D$®<903 0 ( a 

3 5(ix5 /^HPa524 3a. 243b£:frLTxS 2)-032 (a7) . 034 (b2)-@36 (b 

•y^SS254a. 2 5 4 b £pg-£«Lh<0ffitf>|fllK@ 7) TiiB3LfclSi;Ht^ilS$-|QttSC:fcfc:«J: 

S^gSIsimcS^tSJt^iSS-CfcS. 0, x$-/?g§p&2 4 3a. 243b±Stjry-h« 

[01831PH (b) fcfclrvc. 7>f-;l/Kieg|82 ffiteSigPa52 6 KOHCMjgtii (N i ) 40 
26_k£Bf$.2titiZtiiiiii'V3><?>y-\*m&231 50 S^Lfc^fl^fflslU^S. ^<r>«®5-H3 9 
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(a7) £041 (b7) fcjjcT. 
[0188]<fc(C. 03 9 <a8) fc«ktf04 1 (b 

8) Tn. ms.z-Hm^x\ m^m 

izmn- 1 um£l±<r)&mHll'i'X h# ( y * h WX h 
Ti^) ZmtSL. CF 4 £0 2 fcJ8lrVfcK54 • X y 
f-S^WrVV. SiSffl^*Siavi;3>'|g4 0 3Sr^fc 

r5X^^-^^®5r^tX(^^/i>^«^g4 0 
5 fc Mfc*l!g2 3 0<7)£{tm±-t&t:ibiz. ±£ 

SS5-^«7>yRfcgL-Cp + S i Cg«24 1 fc^tS 

•n^y a^K4 o 3<ost»j«$ti.fv^2<D-Tatt 

tf$!§Hfc|g4 0 2£|&£L-C. S«SiBtc^=5rS i C 

■c^tzmmtx. w$kztttz?>x\ m^nzm 
mim£&m2tv£mm$m<?>'t>£mz.m. mm 
±m\,zmmmmm&&m 4 oi^wtth. z<vmm 

«*fc&g4 0 7fcLTii. fcfcitf. Ti tAliZO 
Jt(C. Ztl?tl8 0 nml. 380nmSfc*J^WlLfc 

[0 189] ifcfc. 04 0 (a9) i>J:yS4 2 (b 

9) Tli. ^fmiZ&mttiU^Xb^mm^Xh 

mmx v y ?"»rc&£icintu mstz+im^? 
t6SAr#fflMnooox:. 2^HacomaM«3ia 

oT. X5^^og5243a. 243b. ^-FSS 
*68B§a&2 61c0ig*&g (Nijg) 405«*ft.f : 
*ln + XSy^ft p- "C-Xjfos i C-«S>n + 

2 54 a. 2 54 b. y-h«H8M2 54 cfcfl&fc* 
S. KBfC. gfflOgftfc&g (Ti/AlJS) 4 0 711 
p + SiCSS24lSEt^flsL. «#>T{£ffifii$- 
5tt3P^^mffi24 7;6ggj«$<lS. ClCDfcS. I^Bf 

fc^aas-gtti, y- ne»jS2 3 o#. ^isa^ y a 

>0)y-hW&2 3 1 1 . Si2tf)xtf**i^/WI^V 
2 2 5 fc . ?B2«0xtr^>-v^aS«-2 2 50»BHfc 
& (y-M6SK230Opt>y-MS^k0SS^. o - 

t*IS2 2 7£J{rt) fc. m&!sVa><?>m&ttMfrt> 

vmmmk2 e 5 1 . te0£§s£k:S!*>*i 
fc. m» ■ mmm&<r>mzm.Lx\.^j!iiz&u-$- 
&!zmtft>h. mtiz. H4 0 ( a 1 0 > azim4 2 

( b 1 0 ) Ttt. 3y??h- Tx-^SfoWf^fc 

tebt&Aiziummtzmmth. z<m. Aim 
fmLizmutmizy*hu : Jxbtmium%i. e 
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SffefC. x^yy<0l^*hv*?£$j£U!ft. 
•yf-yyjSSrffll^T A 1 m£'*?->{tl^ W&2 3 5 

fcK&2i o$Bf£t&. ^m<r>vi;xY\tnv99n. 
m247w»>wi&>^/i->rmmftLx. m^t 
w^iw-r&amfctismx'Bi&.istizw. 

Z<tt5*tl#%\,ym&$>A I Ig£R I E < ) TX 

^Xi>*L>#miSit&. Zo LT. 03 8t^Lfc*5KH 

S^Sidfc:. ISfBI&4~SS6 <^US^Sg®tH«o 
[0190] (m8<0Hitc0»®) ®m4it>m7<?> 

mfcemmxmiLtiXotz^ y-bnxmmtmm2 

0 5&XV2 6 5 ll*%BHttJ^T®6Tll^rS^ 

y-bm&tm\fi/> t )x%<±ffii>mmz®tt.ztL. e 

■C. y-h«ffid®te»!S2 0 5*}J:^26 5<0ff»* 

s^^srv^s. zommftsimt Lxmmfctz. m 
mtmmzm&ixo ti-bhcox-*)*. zzx-te-m 

tLT. 02 2t^L3t^5<OHtt<O»®?DMOS^ 

^v^<7>y-h«ffi8iiisifegiS2 o 5mm-hxmi 
m^xmmi-i>zttz-rtifi. ztuzm^bircu* 
<. Hi7. 029. a 3 8 <o#^^coy- h mmm 

tm®2 0 5^2 6 5 fct,H t «t d tzmiTZ&Zt 

tt^®-Cffi*SMO s^^yt^^<oflKt«i02 2-cii 

i. 

[0191] <)cfc:. *HB82:SfflUfcMOS^^<^ 
<V8£ftmZWmth. 04 3fc044{l±IB02 2<O 

( a ) ~ ( d ) (Dmit. mm 5mmmm<m2 
3 (a) -024 (d)xmwitjmtmtxt>*). 
irnvsmimzmfcthzkizx*). 

g|S214fcy-Mg»i£2 0 3i:. Wm&£&2<r)- 

&&vmim3 0 1 immixkmmkifx% t>w 
zovmm43 (d> {^-t. 

[0192] iJCfc. 04 3 ( e- 1 ) -Cli. E^(^« 
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6 0 0T>-7 0 OX:) T. JI*3 0 0-4 0 0 nm£tg y- h BS<«!{b!rf±ffii: flgffit -CHBStCjtfrt 

■&yy 3y§S£j£l8U:fc. JSSS'Jy (POC l 3 ) lliiN8IRi^g»tiev>«» l 00 nmtmm 

tmmzm\^m&<r>mmi vm&m9 oor~9 #*>o. ±ia£ftb£y-hj^]8$aj^a^*u9 

5 ox:) T^tlfiS'ya^fcSi^P ©v^- ( K?>fx-/^yygg<7>tt©t;:J:->-Cifc;t 

samu inKftws. o-?vvc. 9oox:£OH5 *) fcii. y- hm&mrnmmc?>Bj&.z+iffiz-%^ 

zsvzycmmizm^&fki'Ozywfmimzf&M: ^tea^y nycoy- vw&2 o A^hmiiWimciem 

'Jtn/Ui'jytTytt-T&ffiftlzm^t: XtvHMt^Ofl^U 3^4 0 6T«SStrCl>&<7) 
«JEC V D&Ta«C^K^ffi(C 1 5 0 n mW-<T)%.fcis 10 fS«Hl:J±^fflfcSaiLTV^y-h«62 04<0ffl 

Uny ( s i 3 N 4 ) Jg^jfcgrr*. gfl^ynviBtf) ffi*f»rcss . 7-hW&2 04<r>±mmm:Ztih 

mmtei 5 or-8 o oxt-chh. keec vd££ i t«=5rv^. tub*,, *^8<onMs<o»®m. y- 

ZtSAisV zymizWm&Lt&Tli. gtUk^ja 3:< . y-h«ttMBffl68K2 0 5*>JP*££gfc:^£ 

*<9fctf>, JKftflltaJIfcLT. £<Oj:3t£iS 2 0 4<0JS*£j8*.Sy-hm«l»ffl}eillg20 5£j£ 

■Si" 'J ny^SSflJS^SfcRtf i die*-*. <*-c/>&. £3-£££ t i«rfig-C*>£. frfc, SHOHStt^lS 

3SSUifflfc:7>rhW> ? .Xh£g*iU mE-tMLT. a^y3yR302t,. H6tt<?)Myy3^l408 

£fi£vx?fcLT, C 2 F 6 fcKSfcfflufcKJ&tt'f TWLWZtlX^ZZtfrt>Wt>fr%j:olz. ±Ey-h 

*>i 7 fy/ ( r i e ) *ifv\ mBLimwm.tt.i' 20 m«2 0 4<o±isi:^«fc:»gHt^«rfj.s. 

ya^Kfc^a^y^^BNkR. ^ea^UnvK [0195]<fcfc, H44 (e-3)TI±. g«£«fl 

2 04 £JgJfct& . R I ET&JB Lftl/^h 6 1 4 0 7 OiSffifc, HUBM?— h«KOMH!!Rft: 

2 0 6{jy- h««LkfflttSK (JJB^feift^y 3 y<0 S?V WC04 3 ( e - 2 ) Wi^frf ) £JR9B§8& , 

Ss&tfJg) . 4 0 6JiLhS3SffCVDffi-c»B£Lfc-T§ JBfi*T4-ftiltYC*6 % £^^»i6 l 3A,igfc«S 

eogfl^y mmsiz&^x u hhmm^ij 3^4 0 6 k4 0 7j»*u 

3 0 2tt-jstt<o^t£ia^y nyjg. 4 0 7«y- *<o&. ieifck-c-h^ffli^^sas-rs. cko^is 

h«S±MI6gfS2 0 6fcPP£fc3$BHfc-CJBj£3iU:— 24(f) ~02 5 ( i ) £fl^vc§lHBUt<9i::£<K 
J&ttO^fe&^yay^fllK. 408tt406i:^ 30 8fctTIg£jttf>. MOS^f^^y^i^t^. 

tcjj^SfifcHattOgfc^yavlgT&S. [0196] *^8<OHJfc<^H5(^jv>T<>, 

[0193]&te, 043 (e-2)Tii. tffimiZtfr^MZtl&X 3fc. «5IESi4~87 

a&u 9 o ox^K^ijgsffgisvc <rgm<oBmt mm^m^mhtit . *^8^*t^ 

asgfl^T^tyii'y 3y^y-h««2 o 4 come »are§wiU;y- vrnmrntmrnymcamA 3 

fcmSOS* (fcfctK2 0 0nm») coy-h««fi| (e-l)~044 ( e -3 ) 01 7fc*LfcMO 

BB«eSJS2 0 5^^$-l*-i,. ^^y^yi&sggSi: S^f^^flBg<r)y-h«ffieiH»iSJS^>a2 9^ 

^LTiHtife ( s i o 2 ) t^ity- vmmmfo l^^v-mos f ET-b/mutfoy- 

SM2 0 5li^iL-C. 0<?Dj:dfc. 7COy-h«ffi2 K> 038fc^t^V-I GBT-fe^»J§<oy-h« 

0 4<0±Wfclfc^^»±fc3eBUfefflji(c^S. ®»SBeSIS<0»J^i: fCtJiffl-?^ Si bit. Wd 

[0194] y-hmmmfflm2 0 5<mtfL<?>wm 40 ret>$-v>. 

^BWWto{±.^4«^|M<7>jg®T^ytJ:3^ [Biif^fif*^liHB] 

y-h«B*H9>f -X7fy/ti«U^Uy [@l]*f6BaiBlco||te<0)gJSfc^SMOS^-v^ 

cozmiki'V 3y&mm&<?mm ( s i o 2 ) . o [02] w^icoiisfe^stc^sMos^^t 

^oy-h«ffiaffi^M2 0 5t^tc«fl:$-a-. ^ ^^^tis^o-^^^rBfffiH. 

fl:««fc:y- hSffi*nD*. nH8A«v^l>tW [03 ] 1 o53t<^©tc:*^&MO Sdf 

tc«. jja^ftL^y- Megys^tt®«±gi5^y- h [04 ] m 1 ontt^is{cs^< mo 

m-&7<?mbm®<m^mx'mwit: 50 [05]*is^ii<oiiMi<^giifcs^<Mos^^ 



(34) 



65 

ime j 2<rmk<omm^i)^?> mo s f et 



[07 ] *%BB^2<0H»<^®»C*^SMO S F ET 
[08] *5HB^2<OHte<OJg©tA>*»SMOSFET 

[09 ] *mm2<mfoe>]mi l ztrtrz>MosF et 

^tlg<offio-«$r^ri8fiii0. 
[01O]*f6^IB2<7)|||js<r)}g®{c:*»*»SMOSFE 10 

[011] #8^83<D0lte^©£*>a>£ I GBTO 



[012] *mm3m&<mmzij>fri> i gb-™ 

S8§Igtf>-gft£3cftfffi0. 
[013] #ISW8l3<7>fS*i^igfca»a»£ IGBTO 

[0 1 4 1 mmnz£&< mo s^^<om^- 

HffiBtt0. 

[015](¥5l^fifcS^<MOS^A'^^cO^i8[ 20 
DCA-f T^mE»tt0. 

[0 1 6 ] mmmzgri< mo s f e Twmmm 
0. 

[0i7] *wm4 <nmk<vmx-frti>h mo s 
Av-^^grofffi0. 

[01 8] #f&^SM<0Sgte^ffitoto&>£MOS** 
Av^^8tIgco-a5S-^^BnS0. 

[0i 9] *^Ba®4^aso»©t*^&Mos^+ 

[02O]*^^4<OHte<^gSfcS^<MOS^ 30 

[02 1 ] *mm4<n^<niffi$)iZ&4<Mos*v 

[02 2] *56BBm5iOlllSOJg@t*^<MOS^ 

[02 3 ] *f^»5«0Hte<^©fc*^SMOS^^ 
;^?tf>S^g^-^£iKtBrffi0. 

[024] 5 <r&mamm£-frfrz> mos^ 

[02 5]*HBgm5coHiiS^®t3&>*>^MOS^A' 40 
[02 6 ] *HBH^5<^lttO)g®fc*^<MOS^ 
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